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1 PKR is a dsRNA- dependent- (*~ wi 

RNA - dependent ) protein k J^^ ^l" ^ 
the regulation of several caliulaf „ 1B,PllCated in 
cell proliferation. ^ " ^ inClUding 

, mouse 3T3-F442A cell, , * U8lng erab ™ic 

5 r *^ A cells have indicated that pkp 

undergoes phosphorylation and activation • 
This activation of PKR h « k tlVatl ° n « 

to an R NA transcrint t-h,- ' giVes rlse 

SCript that activates PKR An 
approximately 226-252 bp nucleotide (nt)" S Ta 
15 res P-sible for activation of PKR Ithe ! qU6nCe 
sequence) has been identifiL J ac ^vation 
isolated An * ■ ld6ntlfled wthin the cdna and 

atea> Antisense oligonucleotide 
specific portions of the 22 ™ '^responding to 

The dsRNA-dependent eIP-2o kin»« , k . 
"PKR") , also taom as 2 " kln ^ (ieremaf ter 

(Clemens, et al 7' ' Sl M<J I*™*-™ 

25 in part/the J^™ th « —*«... 

25 o £ IFN (Pestlt a, I a 1 ^"^"-tive effects 

'"•777,. Hovanesslan 'et a ' Tr *" 

9' 641-647) rw->, ' J ' ^terferon Res. 

~* a ls : 4 - lnv ° ;v r - — that PKR 

» and differentiation of <* «11 growth 

30 elation of SOI ne celis. function as a turgor 
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A 

suppressor (Meurs, et al 109, D 

J -y94, Proc. Natl Ana* a • « 

6292; Maran, et al. 1994 " ^ S "' SJs 628 8- 

, H1 , ■' l " 4 ' Sc ^ca 265: 789-792). 

Protein synthesis in vitro 1= controls 

«*Meu. et ai l9 « ' reaS ° nabl1 ' »^rstood 



3107-311, „ • " 3U - tod - Scf- 73 

80 *tp ana'ai^L e c rr e th °: r ml ieveis ° f 

80 autopno spnory iation ^ ZlZTuT^ 

an active nrotpin onve rts it from a latent to 

r 2 Lt 1 : u : ----- • 

eukaryotL inUi" • c " 8 kDa) ° f 

al io' ! n " latlon £a «° r ^ (eip. 2 „, (Lebleu et 
ai., 1976; Farrel, et al i a « , . 
30 ' 6t al " 1977 •> Levin, et al. i 978 . 
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I™* 1 ' 13791 1983). The 

eiF 2 to exchange GDP for ptp v • 

Watts, et al 1^ 7 ' " by 
Rowl an, s . et a ' 9 8 ' " ' a ~- 2 «= "0.- 



2*4: 20823-20826). ^ CW 

Duplex RNA molecules qnr-h ao 
_ and poly(i). poly(c) (p _ c) ^ SUCh as reovir us dsRNA 
10 ... P^yic; (Pic) are well established 

actxvators of pkr (Hovanessian, i 989) but t " „ , . 

JU, et al., 1986, Cell 45: 195-200) 
Moreover, 3everal single > • 

"cl*** adenovirus val » (Schnelder , ^ 

r v Se r SS - "'•332,- Furtado. et a " 19 

Virol. 63: 3423-3434,- Ghadge, et al . . 1994 / 

Virol. 68: 4137-41 *i \ ^ . i7. 

Roy, et a 7 ""^ ^ id3 *»■ »■ »«»-S78, 

al 1993 , r **«., et 

ai., 1993, J. Interferon Res. 13- 153. ism * 

^onstrated to contain secondary ^ ^ - 
rac and adulate the activity of PKS . 

nt t i e as ^ about the mechanlsm «iy 

structural element, within these ^ interaot with 
the kl „ase out studies have indicated that the all 
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terminal portion of the nrot-^in fo • 
w J . protein is important for rwi 

^ binding (Feng, et a] iqoo „ 

1 5447-54,1 M ! 92 ' Pr ° C - " ati - Ac **' 3d. 89 

523 ' ^ 1992 ' Mo1 ' Biol. 12 . 

52 8-5 48; Petryshyn, et al., 1994, Progress ^ 

r and s, bcellularBiologyVol . 14; chQng> efc 

. al 1992) . of significance are the findings that 
elP- 2 a undergoes phosphorylation in response to 
addition of cytoplasmic mRNA (Baum, et al 1 983 
Bxochem. Biophys. Res . Comnun " ' 

RNA (Pratt, et al i 988 Kunl ' ] ° r P 0l ^al 

« 1n , ' 1988 ' Nucl - A cids Res. 16: 3497- 

3510) prepared from uninfected ^ ^ 7 

,„„ ' a ™' et al -' 19 83; Pratt et „l 

"38,. In addition, aUered q£ « -t al.. 

Phosphorylation and PKR activity have been reported in 
cells subjected to heat . stress conaitio -°»- » 
muboxs. et al.. 1991 , j, Blol . Chem 9707 . 3711 . 
Other Studi e S nave indicated that the mRNA for Z ' 

ox fkr (Thomis, et al iQcn T ,r- 
„ nn . " Iy93 ' J - V-iroi. 57: 7695- 

"00) • These observations surest that some cellular 
RNAs may regulate the activity of pkr and raise the 
Possibility that the enzyme has a regulatory role In 
unxnfected cells (Petryshyn, et al., Wi) Zl s 
supported by the finding of an accumulation of ds^ 
apable of activating pkr in embryonal carcin ma ^lls 
that have been induced to differentiate but not in 
unreduced celis (BeUumeur, et al.. lM3 , „ OJ c 
Biol. „ s 2846-2857,. To date, however, the extent 
and nature of the celiular „*,., that mediate he 
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activation of PKR in uninfected cells rPm.H . u 
identified rema;in to be 



The role of ifn and pjtr i« u-u 
growth and differentiation T f "elation of 

atl0n 0£ m °" se 3T3-F442A cells 
has recently been investigated. 3T3-F442A cells 
spontaneously produce and secrete ifn and e xh ib t a 
~~ which is relat 1 1 

PKR is h T ^ <P "^»yn, et al., 1984) 
the ^ Ph0aPh0rylated b °«> - «*» and in wtro in' 
he absence of viral infection or added dsRNA 

10 l';"^ « »«a.. The phosphorylation of PKR 

« concomitant with increased phosphorylation of L 
a, d mashed eu.aryotic initiation factor 2-0^. 
23) activity and a marked reduction in protein 
synthesis (Petryshyn et aj ,o OC protein 
„,• v 3 ' c al " 19 96, Arch. Biocham 

Blophys. 328: 290-297) "iocnem. 

cells ("Regulatory RNA" or "R-RHA»| h= . 

isolated <Li , r k rna has recently been 

so 48, although the nature and exact number o, Raj 
compnsmg the r-rna activity was „ ot 

co» of abl: ^"b": inVentlOT ™ S * 

Present invention provides a 226-252 nudeotide 
fragment of the partial cDNA which correspond to that 
Portion of R-RNA necessary for PKR activaUon , L 
actuation seance-,. An antisense molecu e 0 he 
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226-252 nt cDNA fragment as well as a number of 

1 ITtlT antiSSnSe ° lig0nUCleot ^es all of which bind 
to the sense strand of the R-rna and thus prevent 
actavatxon of pkr are also provided. The present 
xnventaon further provides methods of stimulating the 

ceils in culture. 

a „™„ ^ PreSent invention Provides a portion of 
a cDNA corresponding to a specific dsRKA known a s 
Regulatory rha (H . m) Khich lnteracts ^ 

10 a r! ? d ° UMe S " anded re « ioM «* Simulates 
-^phosphorylation of pkr. The subject ^ 

»lec Ul e is approximately 847 nucleotide, in length 
and has the sequence set forth in SEQ ID N0:1 'he 
Present invention also provides a 225-252 nt fragment 
of the parual R-rna c DN a, „ hioh is responsib!e for 
the activation of PKR (herein referred to as the 
activation sequence) . 

In one aspect of the invention, there is 
Provxded an R-rna from which ^ subject 

reverse transcribed. The se q uence of the subject R 

HNA xs set forth in SEQ ID N0:2 and is useful in cell 

cultures for purposes of inhibition of cell 

proii feration (expansion). For example, the subject 

R-RNA may be administered ex Wvo 

x Vlv ° to bone marrow cpli? 

If" r at ;u d ff r0m Pati6ntS ^ cancers 

After euf ficient time, the bone marrow cells are 

transplanted back into the donor patient. 

provide ^ an0thSr SSPeCt ° f inventi °*' there is 
Provxded an antxsense molecule corresponding to the 
sense strand of the subject r-r Na . The subject 



WO 98/54315 



PCT/US98/10001 



antisense molecule binds to R- RNA fhA ^ K . 

antisense molecule is therefore useful f , r 
the autophosphory lat ion of m u ^Preventing 
cell rH^-ic-; he lnl nbition of 

division resulting fro, such autophosp h oryl at io„. 

5 P ~ an^::; a rrrcir:rr on - — is 

- a nucleotide se g ue„oe J ^2 lZ T^T^ 
nucleotide sequence as set forth in seq L » x or 

"i;:: 0 at ieast so% s — - - «*x— ^ 

10 

In another embodiment of the invention 
there ls provided an isolated nucleic acid , 

15 thereto. Clarity or complementar . fcy 

i,m * „ PreS6nt lnvention further provides an 

solated nucleic acid molecule consisting of or 
complementary to nucleotides 178-4™ L 
having at least sn* ■ - n f SEQ 10 N0:1 or 

20 thereL 8 »»l«ity or complementarity 

ther. • ^ an ° ther embodiment °f the invention 

it ^r^r nucieic acid ~ 

RNA i y dlZeS t0 the ^tivation sequence of the R- 
" uign stringency conditions. 

a oi„ , In a " 0ther embodime ' lt . an isolated nucleic 
acid .olecule consisting of or ccpie.nentary to 
nucieotides 2 6 3. 283 o£ SEQ ID N0,1 or having at ieast 
50* hilarity or complementarity thereto J p ovld 
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hvh An lsolat ^ nucleic acid molecule which 

1 r r h ;;~r 263 d 283 ° £ - » 

in a further embodiment of the present 

5 "ITT' thSre " Pr ° Viaed » ^"o acid 

molecule conqiQfir,^ * Clt acia 

374-393 of SE n ID NO " C ° B * 1 ~ t «* to nucleotides 
. . . SEQ ID N0:1 or having at least 50% 
similarity or complementarity thereto. 

thpr . 10 an ° ther e «*>°diment of the invention 
> which - ****** nucleic acid molecule 

which hybridizes to nucleotides 374-393 of SEO in L o 
under medium to hi g h stringency conditions " ^ 
In accordance with the present invention 

- sP ecif L JJLTJT are also proviaed - By 

portions is meant specific nucleotide 

The sublet antisense oligonucleotides of the preset 
invention comprise at least • P re sent 

whioh ght or nine nucleotides 

which are complementary to at least eight or nine 
cont nucleotides Qf nuci6Qtides . n 

forth m SEQ id NOs:1 or 2 . other antisense 

at^rr^r inciude oii ™^s TOlafl 

least eight or nine nucleotides which are 

z::::^ to: at ieast eight ° r ^ 

ID Nos or 2 nUCle ° tideS 263 - 283 as set forth in SEQ 
ID Os. or 2, or at least eight or nine contiguous 
nucleotides of nucleotides 374-393 as set fflr h 

ID NOS- 1 nr 5 t f ° rth ln SE Q 

1 ° r 2l Larger ^tisense oligonucleotides of, 
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for example, l 0 to greater tLn o, 
sequence sat forth in SEQ the "-leotide 

r diment ° f tbe >™. ant e ::r her 

oligonucleotide comprises at least ei<T • 
nucleotides derived from th. contiguous 



In another embodiment of n,« • 
10 antisense oligonucleotide ^ ^ZT^ ** 
set forth in SEQ id no-7 t nucl eot lde sequence 

the invention tJ , embodi ^nt of 

ent n, the antisense oligonucleon^ 
at least eight conn m ,« ^nucleotide comprises 

— e se : f o::rrs ~ des derived £ ™ - 

sequence s-h e n • tlde has the nucleotide 

quence set forth in SEQ id no- 10 m 

embodiment of the invpn- another 

oii^^an^ 10 ;; r ; ntisense 

,o deri^r,:: e e ;i::t\ith guous 

ID NO: 10. y«e«ce set forth m SEQ 

invn ► • In Sti11 an ° ther emb odiment of the 

^ antiS6nSe —leotide ha the 
nucleotide sequence set forth in SEQ id no* 14 r 
another embodiment of the invention th. \ 
oligonucleotide comprises at 1^1 
nucleotides derived from * ? contiguous 

ID NO: 14. S8qUenCe S6t f °-th in SEQ 

The present invent inn 
, - inciting the action 1 :; ™ 
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The method comDrisPQ ' 
, - elective ^7^^ ^ CUltU ~ 

1 nucleic acid moleculec ^ ° £ M iSOlated 

i S °u ted r,u 01ei ac d ;:: pi T tary to ses id n °= i ' « 

5 = r: — vr — - :: 

u co mP Li n "^ t n n ;:: : ed ™^ 
» »=i ; a„ on.onucxeo r d r h ; in ; d :; 374 - 393 ° f se ° 

forth i„ SEQ IE H0;6 or "Woo. ~t 

10 nucleotides of seq id N0 6 ,71 

eight contiguous nucloe tides o£ SEoLll 
oligonucleotide havinc t h = an 

™ ».10 or at leas eight Se9Uen ° e f ° rth in «> 
« «0 ID no.-io, or an oil C ° ntl9U ° US ™cleotides of 
15 ' or an 01 igonucleotide havinrr 

sequence set forth in SE0 ID M 0:H or a L ! • 
contiguous nucleotides of seq i D M0 14 l "" " 9ht 

co^sition 1 : r^ir o£ the invention - 

20 (mansion, in cell cu t ' Pr ° llf ««ion 
20 compositions cour se a ™ Pr °* ided - ^ 

Elated nucleic^ ^™ ^ SUbje " 

^-^r- with * 

25 -s are ^^^.^ ~ — . 

carrier The 1/ Pharmaceu ticall y acceptable 
r< The Pharmaceutical accent-*^ 

acceptable carrier may be 
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packaged separately or admixed with the „„• 

* a ceU ™" n 

culture by contacting the eel] o„n- 

an effective amount of at ieast one of L T 

~ to Uin^::: 1 ;-- :r c ~ 

or brain cells can h* - . 6 ' muscle 

s ' can fc e expanded by such a * 

addition, epithelial cells can h ^ In 

cei - Ls can b e expanded by 

10 IT ITlTTlt: C T with " - 

ougonucie id 3 p io^r " « 

a s*in grafting ^ "» ~ «L 1. 

A method of inhibiting cell nr „u 

g cai canc er, contacting the cellq in „ - * 
sample with ai- i oaB< . ceils in said 

20 Qa aSt ° ne ° f an R "RNA having the 

sequence set forth in SEQ id no- 2 a J 

« -ving nucleotides 17 Y„ 0 * e^V/" 

Portion of an R-RMA h= . iU N0:2 ' a 

an k RNA having nucleotides ozt * 
ID NO: 2, or a nnr-n * aes 26 3-283 of SEQ 

ujt a portion of an r-rm» • 

374-393 of SEO xn ™ , V1Dg nucl eotides 

of SEQ id N0:2, and after a sufficient Mm 

^r^rs r. into - 

—ting expansion' of' ^—^^V 01 
J0 fro. a patent and contacting said ceils with an 
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In a further aspect of *->^ • 
dev. o from a neutrophu ^ and 

marrow cells ar P *■ n sufficient time, the 

cells are transplanted back into the patient 
A method for expanding hematopoietic cell^ 
m umbilical cord blood i<= al P lc cells 

comprises contacting a The method 

20 at least one ^2^^^ T ^ 

set forth m SEQ id no* 8 *n ■ 4 ence 

ID NO: 10. fc forth in SEQ 

The present invention further provides 
30 Pha ~^l compositions comprising th e sub^t 
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nuclei acid fragments and oligonucleotides. Such 
Pharmaceutical compositions are useful in practicing 
the methods o £ the present invention. Kit! which 

acid molecules or oligonucleotides and a 

pharmaceutical lv acrpni- a ki« „ 
5 xy acceptable carrier are also provided 

th . ~ 1A 13 an autoradi °™ which depicts 

the effect of the r-rna transcript on PKR 
Phosphorylation. A11 mA transcripts were gel 
purified and added to protein n n ,= 0 

3T3-F442A <n n «. protein kln ase assays containing 
3T3 F442A S10 extracts or purified 3T3 -PKR to give the 
final concentrations indicated. The reaction mill 
contained the following additions: Lane 1, no J 
Lane 2, 150 ng/ml poly (I) . poly (c) (pic) . ' 
-d 11, 5.0 Ug/m i RNA from clones R-i 2 , R . 18 , R . 3 ' 3 ' R . 

5 and R101 as indicated; Lanes 4,6,8,10 and 12, 
0.50ug/ml RNA fro, clones indicated. The migration 
Position and molecular weights ( x 10 .) of proUn 
standards, phosphorylase (94 kDa) , bovine serum 

TZ\lll k Z and ovalbumin (43 kDa) are 

the left. The arrow indicates the position of pkr 
Figure IB is an autoradiogram depicting the 

u Ir th ° T ^ tranSCriPt ° n ™ ~rylation 
under the same conditions as depicted in Figure 1 A 
Lane 1 o RNA; Lane 2, 150 ng/ml poly (x). poly (c) ' 

and SIT si'"' 5 " 9/ml 3) ' U25 

G-Txot L ng/m Y LanS 5> ° f the ™ transcript 

G Txp t ; Lanes 6-8, 2.5 mMl {Lane 6) 1<25 

<Lane 7) and 625 ng/ml (Lane 8) of the r-rn A 

transcript (R-Txpt) . The migration position and 
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molecular weights (x 10>) of protein standards are as 
L ln Flg> 1A - ThS arrow indicates the position of pkr 

Figure 2A is a schematic diagram of the 847 
bP R - RNA CDNA and indicates the constructs prepared 
the ocation of the Rind m sues ^ ^ P d 

. f-gments expected from both orientations The 

orientations have been designated as antisense 
orientation (i.e., complementary to the authentic 

th^' ™ rSSUlting tranSCript < T ^> hybridizes to 
the A -RNA) and sense orientation. 

Figure 2B is a photograph of an ethidium 
brom. e stained agarose gel after electrophoresis " 
Hind III digested pGEM3Zf ( ± , . Lane , contains 
HI digested Phi x 174 DNA as a marker. Lane 2 
contains a 337 bp fragment as expected for the 
construct in the antisense orientation. Lane 3 
contains a 612 bp fragment as expected for the 
construct in the sense orientation. 

Fig Ure 2C is an autoradiogram of a dot blot 
where poly(A) + and (A) -RNA prepared from confluent 
cultures of 3T3-F442A cells were applied to two 
separate nitrocellulose sheets in the amounts 

r iOW6d ^ ^^^^ hybddizati - "it* the 
32P- labeled ant lse nse or sense transcript. 

(SEO in Kn^r" ^ dSPiCtS nUCleotide ^quence 
SEQ ID NO : 1 ) and alignment of the isolated r-rna cDNA 
fragment. The deduced amino acid sequence is shown 
below the nucleotide sequence. The amino acid 
sequence shown underlined was used to generate 
antiserum. 
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Figure 3B is an autoradiogram of a Western 
i blot using xmmune serum (1:200). cell extracts 
eontai^ 20 m of protein were ^ ^ 

as follows: Lane 1, 3T3-F442A S10 extract; Lane 2 
NXH-3T3 S10 extract; Lane 3, co2i DH-5a extract 
5 Lane , MG63 human osteosarcoma S1Q extract; 

rabbit reticulocyte lysate (Promega) . The migration 
position of several kaleidoscope prestained standard 
Proteins (BIO-HAD) are indicated. Arrows 
Position of a non-specific bacterial protein antigenic 
io to both immune and pre- immune sera. The arrowhead 
indicates the position of the 62 KDa protein 
specifically reading with the anti -peptide serum 

Figure 3C is an autoradiogram of a Western 
blot using preimmune serum (1:200) with protein 
applied as described for Figure 3B. The mi g ration 
Position of several kaleidoscope prestained standard 
Proteins (BIO-RAD) are indicated. Arrows indicate 
Position of a non-specific bacterial protein antigenic 
to both immune and pre-immune sera. The arrowhead 
indicates the position of the 62 KDa protein. 

Figure 4A is an ethidium bromide stained 

™ D T° retiC d6PiCting ^ distrib -ion of the 
RRNADNA S eguence. pcr amplified template genomic 
DNA (1 Mg) , from mouse 3T3 . F442A> mouse Uver 

human CEM, and yeast cells were loaded as indicated! 
The migration position of several fragments of Hind 
III digested lambda DNA is shown on the left. 

bin* tvi 4B ^ an autoradi °Sram of a southern 

blot. The agarose gel was loaded with EcoRI digested 
genomic DNA (30 ug) prepared from human CEM cells 
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sheep liver tissue, rat liver tissue, mouse 3T3-F442A 
1 C ^ 11S ' m ° USe tissue, and from yeast as 

indxcated The blot was hybridized to ^P- labeled 
R-RNA partial cDNA (1.3 x 10' cpm/.g, ! x 10 > cpm/ml) 
and exposed for two weeks at -76°C with an 
5 "t-.ifyl-g screen. The approximate size of the 
hybridizing bands is shown on the left and was 
determined from the migration position of Hae in 
digested Phi X 174 DNA. 

R-RNA r i^T 6 5A ^ 3 N ° rthern bl0t anal ^ sis of the 
iq R RNA. cellular RNAs were separated on a 1% 

formaldehyde denaturing agarose gel and transferred to 
nitroce lulose paper. The blot was hybridized to 
P- labeled R-rna partial cDNA (4 . 5 x 10° cpm/.g, 1 x 
0 cpm/ml of hybridization buff er) . The gel wis 
loaded as follows: Lane 1, 30 w of human cm M1 
PC y (A)* RNA (Human A*> ; Lane 2, 30 ,g of 3T3 -F442A 
cell poly(A)^A (3T3 A*) and Lane 3, 30 w of 3T3 
F442A cell-poly (A)" RNA (3T3 A) 

Figure 5B is a Northern blot analysis of 

ce 1 Cy lT U0 W) PrSP - ed 3T3-P442A 
cells. The probes used for hybridization were as 
follows: Lane 1, 0.7 m r-rna cDNA prQbe x 

l7^r 2 ' °- 3 - a ~ — (0 .7Kb,lx 

hi^ „• / lgUre 6 U a " aut ° rad i°9ran, of a southern 
blot which demonstrates the effect of the R -« cDNA 

IT a " 1Vit - ~ ^rMUaUon reactionT 
10 „1) oontaining the r-rna transcript (20 ng) 
(Txpt) , the isolated r-rna (100 ng) and the total 
cytoplasmic RNA fraction ,2 ug> , Cyt) were carried 
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in the presence and absence of 5- fold excess gel 

purified R-RNA cDNA Aliaunfq i: ii 
1 , Aiiquots (5 ^1) were added to 

protein kxnase assays containing 3T3-F442A cell 
extract as indicated in the fi gure . other additions 
contained hybridization buffer (Lane 1); hybridization 
5 ^ r h an " 150ng/mlPOlY(I, • POly(C, < PIC > ^ne 2 , 

ZLTT n buffer and 250 m/mi r - rna cdna 

• F . igUrS 7 18 aut ° radio ^^ of an agarose 
gel run with samples of the protein kinase assay with 
iq added R-RNA transcript. High levels of 

Poly(I). P oly(C) (50 Aig/ml) were added to some assays 
as indicated prior to incubation. Assays contained 
the flowing additions. Lane 1, no RNA; Lane 2 and 
3, 150 ng/ml poly (i). poly(c) (pic) . Lanes 4 g 

contained R-rna transcript (Txpt) that has been 
treated as follows: Lane 4 and 5, no treatment; Lanes 
6. RNase Tl (T) , Lane 7 , ^ ^ (y} ^ q ^ 

for 2 mm and slow cooled (a); Lane 9, 100 for 2 min 
and rapidly cooled (A-C) ; High concentrations of 
Poly(I).poly( C ) (H.PIC, were added to assay indicated 
m Lanes 3 and 5. 

Figure 8 is a photograph of an ethidium 
bromide stained gel after electrophoresis of P C R 
reactions and demonstrates the association of the 
R-RNA with PKR. Total cytoplasmic RNA (Cyt RNA 2 

Z* n? (A)+RNA (A+RNA ' °' 4 ^ ^ <A>-™ <A", 
RNA, 0.4 m) and extracted RNA (r-rna, 0.3 m) were 

added to reactions as indicated. Control assays 

containing no added RNA (-rna) or no oligo («, primer 

(R-RNA - oligo (dT)) were performed as indicated m 
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one assay direct PGR was ca'Ld out using the R-rna 
CDNA (cDNA, 1.0 no) a, a fomnl , KNA 
1 . . ng ' as a template. The migration 

position of several fragments of Hpa I digested T7 DNA 
is shown on the left. 

Figure 9 graphically depicts a comparison 
5 between Poly(i) - Poly(c) and R . RNA ±n ^ 

^phosphorylation of pkr. Polyd, - po iy {C , and the 
R-RNA transcript were added to protein kinase assays 
at the final concentrations indicated in the fi gure 
The extent of phosphorylation of PKR was determined 'by 

Solid diamonds represent Poly(i) - poly(c) . 0pen 
squares represent R-rna. 

fh. w « iS ^ autoradi °*ram demonstrating 

the Effect of RNase D . gest . on on a ^ ng 

-RNA Transcript. After radiolabeled or unlabeled R 
RNA transcript was digested with either RNase Tl or 
RNase VI, digestion reactions using radiolabeled 
transcript were subjected to electrophoresis on 5% 
Polyacrylamide gels. Lane 1, Radiolabeled pGEM-3zf (-> 
digested with Hpa II- iane> ? p m , s t 

RNa^ Hi A transc ^Pt without 

RNase digestion; lane 3-6, digestion with RNase Tl at 
a final activity of 0.78, 1.56, 3.13, and 12.5 

units/ml respectively- iar P q i n 

v xvexy, lanes 7-11, digestion with 

a™H 7S aCtlVUy ° f °- 05 ' °- 10 ' »-3» 

and 0.78 muts/ml raspectivaly. Tha figure is an 

autoradiogram. 

Figure 10B is an autoradiogram of a gel 
loaded with the digestion reactions of Fig. 10A added 
to protein kinase containing purified PKR . Lane 1, no 
added RNA; lane 2, 150 ng/ml poly(X) - po i y(c) ; lane 3 . 
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1, RNase Tl digestion reactions (2-6); lanes 8-12 
i RNase VI digestion reactions (7-11). The final 

activity of the RNases in the digestion reactions was 
tne same as in Fig. ioa. 

,-h. zn T Flg ' ^ 9 SChematic d Wam indicating 

5 the Alu I restriction map of the 847 bp R-rna cDNA 
Five Alu I fragments were predicted from the sequence 

Fagure U B is a photograph of an ethidium 
bromide stained agarose gel through which were 
electrophoresed Alu I fragments obtained from the 
Q digestion of the 847 bp R-RNA cDNA. The 26 bp 

fragment is not shown. Lane 1, a 480 b p DNA marker; 
lane 2, A lu 284 bp; lane 3, Alu 22* bp; lane 4, Alu 
178 bp; lane 5, Alu 133 bp. Migration position of DNA 
of known size ladder is shown on far left lane. 

fh« « FigUre " an autoradio ^am demonstrating 
the effect of Alu I Fragments on the Phosphorylation 
of PKR. The gel was loaded with hybridization 
reactions containing purified R-rna transcript and 10- 
fold molar excess of Alu I cDNA fragments. Additions 
of the different Alu I fragments are indicated by a 

As controls for pkr, one assay contained no 
added RNA (lane 1) while another assay was 
supplemented with poly (I) - P oly(c) (150 ng/ml) (i ane 2) 
in the kinase reaction. The migration position and 
molecular weights (xlO 3 ) of protein standards 
Phosphorylase (94 KDa) , bovine serum albumin '(67 KDa) 
ovalbumin (45 KDa) and carbonic anhydrase (30 KDa) are 
indicated on left. Arrow on right indicates the 
position of PKR. 
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bromidp / igUre " 3 Ph0t °^ h of an ethidium 
x bromide staged agarose gel through which were 

electrophoresed reactions containing gel purified R . 
RNA transcr.pt incubated in the presence of lo-f old 
mo ar excess of Alu i- 284 fragment (lane 2) and Alu I- 
226 fragment (lane 3) . one assay contained only R-rna 
transcript (lane 1) . RNA 

thp i ,- FigUre 18 9 Schemati ^ ^agram indicating 
the ocation and spatial distribution of U oligo^ra 
complementary to the 252 nt region of the R-RNA A T so 

1Q indicated are the gaps and overlaps in nucleotides 
bet W e en oligos , The ^ iow ^ po ^ ion 

the fxgure represent the position of the 226 
activation sequence within the R-rna cDNA sequence. 

F lg . 12B is an autoradiogram which 
demonstrates the effect of the subject oligomers on 
the phosphorylation of PK R. Hybridization reactions 
and protein kinase assays were carried out as 
described in Example 10 for Fig. llc , except that 
oligomers (50 ng) were added to hybridization 
reactions as indicated. Controls included 
hybridization reactions containing: no added RNA (lane 
1 . Poly(I) -poly (C) (lane 2) , and R-rna transcript 
alone (lane 3) . 

effect of thT re H UC 18 an aUt ° radio ^ depicting the 

IL TJJ l Y ' I, " POly ' C) - reaction, 
and protein kinase assays were carried out as 

described in Example 10 for Fig. 3C except poly (I ) . 

Poly(C) (150 ng/,1, a „ a oligomers ,100 ng) were added 
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Figure 13 is a photograph of an ethidium 
bromide stained agarose gel through which was 
electrophoresed reactions containing the gel purified 
, 5 R-RNA transcript incubated in the presence of the 

indicated complementary oligomer (200 ng) . Stability 
of the R-RNA was not effected by the oligomers. 

Figure 14 graphically depicts the effect of 
antxsense oligomers OL-1, OL-2, OL-3, and OL-4 on cell 
iq growth. ODN refers to oligodeoxynucleotide (the 

antisense oligomers) which were added on day 6. values 
at each time point are the average of two independent 
experiments each determined in duplicate. Solid 
circles represent medium alone; open circles represent 

15 " r el ? t6d OUg0nUCleotide <- °Pen triangles represent 
OL-1; solid triangles represent OL-2; open squares 
represent OL-3; solid squares represent OL-4; solid 
diamonds represent a mixture of an equal amount of 
each of OL-1, OL-2, OL-3, and OL-4. 

20 nT , FigUrS 15 graphically depicts the effects of 

OL-1, OL-2, OL-3, and OL-4 on the expansion of burst 
forming units of erythroid lineage (BFU-E) . Human 
Peripheral blood mononuclear cells were treated with 1 
m of oligomers OL-1, OL-2, OL-3, and OL-4. solid bar 

^ represents cells in medium alone, open bar represents 
treatment with unrelated oligomer. 

Figure 16 graphically depicts the effect of 
OL-2 on expansion of BFU-E at the different 
concentrations indicated. 

30 
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Figure 17 graphically depicts the effect of 

at the different time points indicated. 

The present invention provides both a 
regulatory RNA (r-rna) and a parfcial ^ 
corresponding to the R-rna. The R .„ interac 
and simulates autophosphorylation of pkr In 
accordance with the present invention, the r-rna may 
be used in different cell cultures in order to inhibit 
cell proliferation. For example, inhibition of 

10 o C bta77, CellS " 9 b ° ne CeU CUltU - W 

obtained by contacting a bone marrow cell culturl 

isolated from a patient suffering from a hematological 
cancer with the R-rna of the present invention. The 
nucleotide sequence of the subject r-rna i s Set forth 
m SEQ ID NO: 2. th 



15 



Also in accordance with the present 
invention, a portion of the R-rna responsible for 
activation of PKR has been identified. The activation 
sequence is approximately 226-252 nt in length and is 
2Q made up of nucleotides 178-404 and can include an 
additional 26 nucleotides for a fragment comprising 
nucleotides 178-430 of SEQ ID N0:2 . Thus, the R-rna 
activation sequence alone may be used in a method of 
inhibiting cell proliferation in different cell 
cultures . 

The present invention also provides a 
partial cDNA corresponding to the R-rna. The cDNA 
sequence is approximately 847 nt long and has the 
sequence set forth in SEQ ID N0:1. m addition 
sequence corresponding to the r-rna activation' 
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sTlHo r " « "8-430 of 

1 tTthe " 3lSO Pr ° Vided - Se9Uences complementary 

to the sense strand of the k-rna c dna. inclu 

activation sequence or portions thereof, are usefufin 
-tho,s of inhibits the activation of PKR and 
5 promoting eel! expansion in cell cultures. 

For example, an isolated nucleic acid 

fo r rtT nt ^ in9 Slther nucle °"^ ^quence as set 
forth n SEQ ID H os,l or 2. or nucleotides 178-404 or 

u t :: r id mos:i ° r 2 ° r havi ^ « a 

cell expansion in a cell culture. An isolated nucleic 
acid fragment complementary to the nucleotide sequence 
a set forth in SEQ ID »s a or 2 or having at least a 
50% complementarity is useful in promoting cell 
proliferation in cell cultures. 

to the 22S^7T* S69UenCe " MCh iS =-P^entary 
to the 226-252 nt fragment corresponding to 

nucleotides 1,8-404 or 178 -430 of SEQ ID N Os:l or 2 or 

having at least a 50% complementarity thereto is a 

12 ZT £ragment £or inhibiting the <* 

m and promoting cell proliferation in cell cultures 
Other preferred fragments include a nudeotide 

ITZZZV* ^ nucleotides 263-283 

ID N0S:1 or 2 °* having at least a 50% 
complementarity thereto, and a nucleotide sequence 

^ " maUXr " 374-393 of SEQ 

thereto " ^ " ^ * 50% °«^ntarUy 

Other nucleotide sequences which hybridize 
to portions of the activati™ 

e activatron sequence of the subject 



WO 98/54315 



PCT/US98/10001 



3f 

R-RNA are also contemplated by the present invention 
For example, isolated nucleic acid molecules which 
hybridize to nucleotides 178-430 of SEQ id N0:2 under 
medium to high stringency conditions are contemplated 
as are isolated nucleic acid molecules which hybridize 
to nucleotides 263-283 of SEQ id NO:2 under medium to 
high stringency conditions. Also contemplated by the 
present invention are isolated nucleic acid molecules 
which hybridize to nucleotides 374-393 of SEQ id N0 -2 

under medium to high stringency conditions. Such 
isolated nucleic acid molecules are useful in 
promoting cell proliferation when used in conjunction 
with cell culture methods. 

Preferred percentage similarities or 
complementarity include 80%, 85%, 90%, 92-95%, 96-98% 
and 99-100%. However, nucleic acid molecules having 
at least 50% similarities to SEQ id N0:1 and portions 
thereof as defined herein and which can be used in 
various reverse transcription reactions in order to 
produce an R-rna which activates PKR and inhibits cell 
proliferation are within the scope of the present 
invention. Similarly, nucleic acid molecules having 
at least 50% complementarities to SEQ id NO-1 and 
portions thereof as defined herein and which inhibit 
the activation of PKR and stimulate cell proliferation 
are within the scope of the present invention. 

As used herein, hybridization under medium 
or high stringency conditions are as defined in 
Maniatis et al. 1982 Molecular Cloning Cold Spring 
Harbor Laboratory, N.Y., at pages 387-389, and 
especially paragraph 11 which is herein incorporated 
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T/xlZT, A low strlngency is ae£ined - ^ i- 

1 6X SSC/1% („/v) SDS at 37-45»C for 2-3 hours 

Mediun, stringency conditions are considered herein to 

s ~nsLered r herei T b e ^1^^^ ~ 

5 areata rhaB SSC/0.1-1% (w/v) SDS at 

L r ! a or equal to 60 ° c for 1-3 hours - AS USe <* 

. herein medium to high stringency conditions refer to 
conditions which are either medium stringency 
conditions high stringency conditions, or conditions 
iq between medium and high stringency. 

A cDNA corresponding to R-RNA can be 
provided by f irst fractionating poi y(AJ * by cellulose 
chromatography followed by cDNA synthesis using any 
number of widely known methods and commercially 
available kits. Identification of a cDNA 
cor respo ding tQ an ^ ^ isQiation ^ 

-ay be achieved by protein kinase assays where r-rna 
transcribed from an i so i ated cDNA clone placed under 
the control of a promoter in an expression vector 
facilitates phosphorylation of the 67 KDa 
Phosphoprotein known as PKR. Protein kinase assay 
methodologies are widely known and can be found e g 
m Petryshyn et al., 1983 Methods Enzymol. 5:346-362' 
and Petryshyn et al., l988 Proc . ^tl. Acacl. Sci. 

CDNA maT 427 " 1431 - ° f ^ R-RNA 

which ^.r 01 ^ 6 ' USlng "-trictiaa enzymes 

2 trict 6 " aVaUable - SUCh enWS have k — 

cnl Slt6S WhiCh ^ bS maPPSd t0 the R '^A 

cDNA. For example, the R-rna cDNA may be restricted 

with Hmdlll to render a 337 bp and 612 bp fragment 
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w'ln'vl' ^ alS ° bS US6d t0 fragments Of 

± 284, 226, 178, 133 and 26 base pairs ( Fig . 11A) . 

The present invention also provides 
oligonucleotides which are useful for inhibiting the 
actxvatxon of pkr and stimulating cell proliferation 
5 under cell culture conditions. The subject 

riTe u rah e r ides - of the preseirt inventi ° n - 

least eight or nine nucleotides which are 
commentary to at least eight or nine contiguous 

ID C NO e rr eS f nUClSOtideS 178 " 430 - -et forth in SEQ 
iq IDN0s:lor2. other antisense oligonucleotides 

include oligonucleotides comprising at least eight or 
nine nucleotides which are co mp i ementary t0: at least 
exght or nine contiguous nucleotides of nucleotides 

h 8 as set forth in SEQ ID NOs:l or 2, or at least 
eight or nine contiguous nucleotides of nucleotides 
374-393 as set forth in SEQ id NOs: 1 or 2. Larger 
antisense oligonucleotides of, for example, io to 
greater than 25 nucleotides are also contemplated by 
the present invention. The skilled artisan is 
cognizant of the many different methods in which to 
make such oligonucleotides and methods for testing 
whether such oligonucleotides have the capacity to 
inhibit activation of PKR and stimulate cell 

fo'rtesT' 1011 , 11 ?' C811 CUltUre C ° nditi — Methods 
for testing whether oligonucleotides inhibit the 

activation of PKR and stimulate cell proliferation are 

IZ T W ° rklng 6XamPleS e ' g " -° tein ki -e 
assays and cell culture studies. 

The lower limit to the length of a subject 
oligonucleotide (eight or nine nucleotides) is based 
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upon well known principles of deoxyribonucleotide and 
ribonucleotide binding. As is known by those of skill 
m the art, usually at least eight or nine nucleotides 
are necessary to provide stable binding among 
ribonucleotide and deoxyribonucleotide sequences 
Since the methods of the present invention involve use 
of the subject oligonucleotides in order to bind to R- 
RNA, a lower limit of eight or nine nucleotides is 
contemplated for the subject oligonucleotides. 

The present invention also provides specific 
oligonucleotides which comprise nucleotides from the 
antisense strand of SEQ ID NOs:l or 2. For example 
an oligonucleotide may comprises the sequence set 
forth in SEQ ID NO : 6 or at least eight contiguous 
oligonucleotides derived from the sequence set forth 
m SEQ ID N0:6. other oligonucleotides provided by 
the present invention include an oligonucleotide 
comprising the sequence set forth in SEQ ID NO -7 or at 
least eight contiguous oligonucleotides derived from 
the sequence set forth in SEQ ID NO: 7, an 
oligonucleotide comprising the sequence set forth in 
SEQ ID NO: 8 or at least eight contiguous 
oligonucleotides derived from the sequence set forth 
in SEQ ID N0:8, and an oligonucleotide comprising the 
sequence set forth in SEQ ID NO: 14 or at least eight 
contiguous oligonucleotides derived from the sequence 
set forth in SEQ ID NO: 14. 

In a preferred embodiment, the 
oligonucleotide comprises the sequence set forth in 
SEQ ID NO: 8 or at least eight contiguous 
oligonucleotides derived from the sequence set forth 
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in SEQ ID NO:8, m another preferred embodiment, the 
• °^ UCle ° tide sequence set forth in 

ID N0:1 ° - ^ least eight contiguous 
oligonucleotides derived from the sequence set forth 
in SEQ ID NO: 10. 

Modifications to the oligonucleotides set 
forth in SEQ ID NOs:6, 7,8, 10 and 14 which bind to R- 
JNA a nd which maintain the characteristic property of 
interfering with the interaction of r-rna to PKR „ fi 
also within the scope of the present invention. Such 
modifications include insertions, deletions and 
substitutions of one or more nucleotides. 

The isolated nucleic acid fragments and 
oligonucleotides of the present invention are DNA or 
RNA, or hybrids of DNA and RNA. For example, the 
sublet nucleic acid fragments and oligonucleotides 
can comprise: all r NA ; all DN A; rna interspersed with 
2 -O-methyl RNA, and so on. The nucleic acid 
fragments and oligonucleotides comprise the bases 
guanine (G) , adenine (A), thymine (T) , cytosine (C) or 
uracil (U) in the nucleotides, or any nucleotide 
analog that is capable of binding to R-rna 
Nucleotide analogs include pseudocytidine 
xsopseudocytidine, imidazole, 3 -aminophenyl -imidazole, 
2 -O-methyl -adenosine, 7 -deazadenosine 7- 
deazaguanosine, 7 -deazaxanthosine, 4 -acetylcytidine, 
5- (carboxy- hydroxy lmethyl) -uridine, 2 ' -o- 
methylcytidine, 5 -carboxymethylaminomethyl -2 - 
thioridine, 5-carboxymethylamino-methyluridine 
dihydrouridine, 2 • -O-methyluridine, pseudouridine, 2-- 
O-methyl-pseudouridine, beta, D-galactosylqueosine 
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2 , -0-methylguanosine / inosine, N6- 

1 ' S e °7 te ^ ladenosine ' l-ethyladenosine, l- raethyl . 
pseudour ldl ne, l-.ethylguanosine, 
2,2-dimethylguanosine, 2-methyladenosine 2- 
-ethyiguanosine, 3 -methylcytidine, 5 -methylcytidine 
5 5 - methylUridine ' N6 -methyl -adenosine, 7- 

methylguanosine, 5 -methylamino-methyluridine 5- 
methoxyaminomethyl-2-thiouridine p- D - 
-annosylqueosine, 5 -methoxycarbonylmethyluridine, 5 . 
methoxyuridine, S-nethvl-hMn u: • 

1Q ^ ° ranos ^"^" me thylthiopurine-6-yl) ■ 

carboy:, threonine, N- (S-beta-D-rifc^furanosylpurine- 
S-«>-»-»ethylcarbamoyl, threonine ana thioguanosinf 
Either ribose or deoxyribose sugars can be 
used „ ith the above-listed analogs. Modifie ^ 
such as 2-o-methyl rib.se, are also contemplate! 
H uc e otl des bases in an a -anomeric conurbation can 
a so be used in the isolated nucleic acids and 
oligonucleotides of the present invention 

G A T clTr* nUCle ° tldeS ««*>»• •« unmodified 
20 ^ ™<=le°tides; pyrimidine analogs with 

lower aUcyl, alfcynyl or alKenyl groups in the 5 
posrtion of the base and purine analogs with similar 
.roups in the 7 or 8 position of the base. Esplc ally 
preferred nucleotide analogs are S-methylcytosL ! 
25 methyluracU, diaminopurine. and nucleotides with a 
2 -0-methylribose moiety in place of ribose or 
deoxyribose. As used herein lower aUcyl. lower 
alKynyl and lower alkenyl contain from 1 to 6 carbon 
atoms and can be straight chain or branched. These 
3o groups include methyl, ethyl, propyl, isopropyl 
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1 A Purred alkyl group is methyl. 

The isolated mioleic acid molecules of the 
present a „ve„tio„ may be generated from iarger nucleic 

both 3. and 5. ends removed via exonuclease III- 
melted deletion: This is accomplished by digesting 
appropriately prepared DNA with exonucleasl in 
(exom, and removing aliquots at increasing intervals 
of la. during the digestion. The resulting 

10 toTr iVely Smaller £ragmeDtS ° f ™ S «*• b * fenced 
to determine the exact endpoint of the deietions 

There are several commercially available systems which 

serxes. e.g. Promega Biotech. -Erase-A-Base" system 
i5 Alternatives, pcb primers can be defined to aUow 
direct amplification of the subject nucleic acid 
fragments. 

The subject nucleic acid molecules and 
oligonucleotides of the present invention can also be 

20 » o MoH 9 ° f Pr ° CedUreS kn ° Wn 

° r RNA oll 9onucleotides. For example, such 

Procedures include enzymatic synthesis and chemical 
synthesis. 

svnr. • ^ nzvma tic methods of DNA oligonucleotides 
synthesis frequently employ Ki en0 w, T7, T4, ^ or E 
DNA polymerase as described in Sambroo^ al *' 
1989, ln Molecular Cloning: A Laboratory Manual, Cold 
Sprxng Harbor, NY. En2ymatic methods Qf rna 

oligonucleotide synthesis frequently employ SP6, T3 or 
3Q T7 RNA polymerase as described in Sambrook et al 
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Reverse transcriptase can also be used to 
i synthesize DNA from rna (Sambrook et al. 1989) To 
Prepare oligonucleotides enzymatically requires a 
te m p lat leic acid which ^ synthesi 

chemically, or be obtained as mRNA, genomic DNA 

5 DNr ed / en0iniC DNA ' Cl ° ned CDNA ° r ° ther -comb^nant 
DNA some enzymatic methods of DNA oligonucleotide 
synthesis can require an additional primer 
oligonucleotide which can be synthesized chemically 
Finally linear oligonucleotides can be prepared by * 
1Q Polymerase chain reaction (PGR) techniques as 

described, for example, by Saiki et al., 1988 , Science 

Chemical synthesis of linear 
oligonucleotides is well known in the art and can be 
achieved by solution or solid phase techniques 
Moreover, linear oligonucleotides of defined sequence 
can be purchased commercially or can be made by any of 
several different synthetic procedures including the 
Phosphoramidite, phosphite triester, H-phosphonate and 
Phosphotnester methods, typically by automated 
synthesis methods. The synthesis method selected can 
depend on the length of the desired oligonucleotide 
and such choice is within the skill of the ordinary 
artxsan. For example, the phosphoramidite and 
Phosphite triester method produce oligonucleotides 
having 175 or more nucleotides while the H-phosphonate 
method works well for oligonucleotides of less than 
100 nucleotides, if modified bases are incorporate(J 
into the oligonucleotide, and particularly if modified 
Phosphodiester linkages are used, then the synthetic 
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procedures are altered as needed according to known 
procedures, in this regard, Uhl mann , et al. (1990 
Chemical Reviews 90: 543-584) provide references and 
outline procedures f or making oligonucleotides with 
modified bases and modified phosphodiester linkages. 

Synthetic linear oligonucleotides may be 
purified by polyacryl amide gel electrophoresis, or by 
any of a number of chromatographic methods, including 
gel chromatography and high pressure liquid 
chromatography. To confirm a nucleotide sequence 
oligonucleotides may be subjected to DMA sequencing by 
any of the known procedures, including Maxam and 
GUbert sequencing, Sanger sequencing, capillary 
electrophoresis sequencing, the wandering spot 
sequencing procedure or by using selective chemical 
degradation of oligonucleotides bound to Hybond paper 
Sequences of short oligonucleotides can also be 
analyzed by laser desorption mass spectroscopy or by 
fast atom bombardment (McNeal, et al., 1982, J Am 
Chem. Soc. 104: 976; Viari, et al., 1987, Biomeci 
Enciron. Mass Spectrom. 14: 83; Grotjahn et al 1982 
Nuc. AcM Res . 10: 4671). Sequencing methods are also 
available for rna oligonucleotides. 

The present invention also contemplates 
denvatization or chemical modification of the subject 
nucleic acid fragments and oligonucleotides with 
chemical groups to facilitate cellular uptake For 
example, covalent linkage of a cholesterol moiety to 
an oligonucleotide can improve cellular uptake by 5- 
to 10- fold which in turn improves DNA binding by 
about 10- fold (Boutorin et al., 1989, FEBS Letters 
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»«. . other ligands for cellular 

1 ZIT have utility £or lmprovin * ^ 

ncluding, e.g. insulin, transferrin ana others^ 
S-ilar y. derivatization of oligonucleotides „i th 
poly-Wysine can aid oligonucleotide uptake by cells 
5 l1 1?74 ' 3 23 " anT 

648 cert a ln protein carriers can also facilitate 
«Uu ar uptake of oligonucleotides, including, £or 

io signal, for transport to the nucleus, and viral or 
bacterial proteins capable of cell membrane 
Penetration. Therefore, protein carriers are useful 
when associated with or linked to the 
oligonucleotides of this invention. Accordingly, the 
present invention contemplates derivatization of the 
-b:ect oligonucleotides with groups capable of 

protei 9r ° UP8 ' Ch0leStero1 " PolVL-lysine and 

Proteins, as well as other aryl or steroid groups and 

so Polycatrons having analogous beneficial effects such 
« Phenyl or naphthyl groups, guinoline. anthra eel or 
Phenanthracene groups, fatty acids, fatty aicohols Z 
sesquiterpenes, diterpenes and steroids. 

Derivatization of the subject nucleic acid 

25 fragments and oligonucleotides with groups that 

facilitate cellular uptake or target binding, can be 

the art "I ^ Pr ° 0edUreS ta0 » " °™ s * ill *< ™ 
the art Moreover, the desired groups can be added to 

nucleotides before synthesis of the oligonucleotide 
3Q For example, these groups can be linked to the 5- 
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pos ltl on of T or c and these modified T and C 
nucleotides can be used for synthesis of the preS ent 
oligonucleotides m „ present 

coi . * addition, derivatization of 

selected nucleotides permits incorporation of the 
group into selected domains of the subject 
oligonucleotides. 



in accordance with the present invention 
modificatxon in the phosphodiester backbone of the 
subject oligonucleotides is also contempt-- - 
modifications can aid uptake of a subject 



« ouujecc 

oligonucleotide bv celli n-r ™ ,. „ , 
iu half-Hf. , / 113 or can exte nd the biological 
half life of such oligonucleotides. For example the 
-b 3 ect oligonucleotides may penetrate the cen 
membrane more readily if the negative charge on the 
internucleotide phosphate i s eliminated. This 2 ba 
15 done by replacing the negatively charged p h 

ITl T S methyl 9r ° UP ' " « * chLging 

he Phosphodiester linkage into a phosphotries Jr 
linkage by addition of an alkyl group to the 
negatively charged phosphate oxygen. Alternatively, 
2Q one or more of the phosphate atoms that are part of 
the normal phosphodiester linkage can be replaced 
For exa^e, m . t , CH: .p or S-P i inkaaes J be 
formed. Accordingly, the present invention 
contemplates using methylphosphonates, 
25 Phosphorothioates, phosphorodithioates, 

Phosphotriesters and phosphorus- boron (So od, et al.. 
1990, J. Chem. Soc. 112: 900 0) linkages. The 
Phosphodiester group can be replaced with siloxane, 
carbonate acetamidate or thioether groups. These 
modifications can also increase the resistance of the 
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subject oligonucleotides to nucleases. Methods for 
x synthesis of oligonucleotides with modified 

phosphodiester linages are reviewed by Uhlmann . et 

can • Additi ° nally ' Afferent nucleotide sugars 

5 Lven t - lnCOrP ° rated int ° ^ oli ^cleotides of this 
motion. Additional binding stability can be 
Proved by using 2-0-methyl ribose in the present 
oligonucleotides. Phosphoramidite chemistry ca 7b e 
used to synthesis pma ~i • 

(Reese c B l"„ T 0ll90mi<:l «>«*><> « described 
10 an!? "° AClds and Ocular Biology- 

Sprxnger-Verlag: Berlin, 1989 ,. Vol . 3, p. 164 . an T' 
"ac et al.. 1987 , retrafiedro „ ^ ^ — 

The synthesis of rna 2'-o-methyl- 
olisoribonucleotides and DNA oligopeptides differ 
only sightly. ™A2..0- m ethylol ig onucleo ti des "„ b e 
Prepared with minor mo d i£ica tions Qf ^ 

P osphonate or phosphotriester methods .Shibahara, et 

1 1 89 " UC ei ° fel *«-- 4403; Shibahara, et 
al !989 Wu „ eic Ac Ws ses . „, 239; ^ 

1987, itocle IC Acids Res. 35: 6131). 

of inhibitf 6 P T 8nt lnVCTtlon Provides methods 

death T P-Uferation and inducing cell 

death by increasing apoptosis in a cell culture The 
method cerises contacting the cultured ceUs with an 
H-RNA hav ln g the sequence set forth in SEQ l D N0 

Portaons of the r-hka as set forth in SEB ID N0 . 2 ma ^ 
tne cDNA. Preferred R-RNA fragments 
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include those having nucleotides 178-430 of SEQ id 
l N0:2, nucleotides 263-283 of SEQ id N0 :2, and 

nucleotides 374-393 of SEQ ID NO:2. p re ferred cDNA 
fragments include those having nucleotides 178-430 of 
SEQ ID NO:l, nucleotides 263-283 of SEQ ID NO:l, and 
5 nucleotxdes 374-393 of SEQ ID NO:l. Methods of 

inhibiting cell proliferation and inducing cell death 
ma cell culture using fche sub . ect rrna ^ cDNA 

molecules are useful for example, in purging 
populations of tumor cells ex vivo. For example, such 
1Q methods may be used to inhibit cell proliferation and 

Pa ilY fV 6 ^ in b ° ne C611S ° btained • 

patxent sufferxng from a hematological cancer, m 

this embodiment, bone marrow cells are obtained from a 
patxent suffering from a hematological cancer, the 
cells are contacted with an effective amount of R - RNA , 
R-RNA fragment, cDNA, or cDNA fragment, and after a 
sufficient time to allow inhibition of cell 
proliferation and cell death, such cells are 
transplanted back into the donor patient. 

A further aspect of this invention provides 
methods for inhibiting the activation of PKR and 
methods for stimulating cell prolif eration (expansion) 
m a cell culture. A method for inhibiting the 
activation of PKR comprises contacting the cultured 
cells with an effective amount of at least one of an 
isolated nucleic acid molecule complementary to SEQ id 
NOs:l or 2, an isolated nucleic acid molecule 
complementary to nucleotides 178-430 of SEQ id NOs-1 
or 2, an isolated nucleic acid molecule complementary 
to nucleotides 263-283 of SEQ ID NOsrl or 2 an 
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isolated nucleic acid molecule complementary to 
i nucleotides 374-393 of SEQ ID NOs:l or 2, an 

oligonucleotide having the sequence set forth in SEQ 

SEQ ID no"/' l6aSt Sight C ° ntigUOUS ^tiaes of 
SEQ ID N0:6, an oligonucleotide having the sequence 

5 nucl " 10 N0:7 ° r ^ l6aSt Sight contiguous 

nucleotides of SEQ id N0:7 , an oligonucleotide having 
the sequence set forth in SEQ id N0 :8 or at least 
eight contiguous nucleotides of SEQ id NO: 8, an 

lnirT 0tide SSqUenCe S6t forth ^ SEQ 

10 I " " ^ lGaSt 6ight Conti ^-3 nucleotides of 
SEQ ID NO: 10, and an oligonucleotide having the 
sequence set forth in SEQ ID N0: 14 or at least eight 
contiguous nucleotides of SEQ ID NO: 14. 

In a preferred embodiment, a method of 
stimulating cell proliferation (expansion) in a cell 
culture comprises contacting cells of the culture with 
an effective amount of at least one of an 
oligonucleotide having the sequence set forth in SEQ 
ID NO: or SEQ ID NO.-10 or at least eight contiguous 
nucleotides of SEQ ID NO:8 or SEQ id NO:10. 

in another aspect of the invention a method 
for promoting expansion of pluripotent progenitor 
cells is provided. The method comprises obtaining 
bone marrow cells from a patient and contacting said 
cells with an effective amount of at least one of an 
oligonucleotide having the sequence set forth in SEQ 
ID NO:10 or at least eight contiguous oligonucleotides 
of SEQ ID NO:10, or an oligonucleotide having the 
sequence set forth in SEQ id NO:8, or at least eight 
contiguous oligonulceotides of SEQ id NO: 8. 
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for D r,wJ he PreSent inVention Prides a method 

x for promoting expansion of hematopoietic stem cells 
which comprises obtaining peripheral blood from a 
patient, isolating mononuclear cells and contacting 
said mononuclear cells with an effective amount of an 

5 Tori? Zn HaVin9 nUCle ° tide *'~ •« 
forth in SE0 ID «> ll0 or at least eight contiguous 

oligonucleotides of SEQ ID NO.10. 

A method for promoting neutrophil 
expansion and development from a neutrophil depleted 
iQ marrow cell culture is also provided. The method 
comprises obtaining marrow cells from a patient 
suffering from severe congenital neutropenia (SCN) 
contacting said cells with an effective amount of In 
oligonucleotide having the sequence set forth in SEQ 
ID MO:10 or at least eight contiguous oligonucleotides 
of SEQ ID »O:10, and after a sufficient time to alt 
neutrophil expansion, transplanting the marrow cells 
back into the patient. 

In another aspect of the invention, there is 
Provided a method for expansion of cells involved! 
wounds and burns, m this embodiment, an effective 
amount of at least one of the subject antisense 
fragments or oligonucleotides are applied directly to 
a wound or burn on a subject. Alternatively, an 
effective amount of at least one of the subject 
antisense fragments or oligonucleotides are admixed 
with a dressing and the dressing applied directly to 
the wound or burn. 

»p,-h * * In Sti11 an ° ther aSP6Ct ° f the inve *tion, * 
method of expanding cells used in skin grafts is 



WO 98/54315 



PCT/US98/10001 



10 



cells m culture with an effective amount of at least 
one of the subject antisense fragments or 
oligonucleotides prior to using the cultured cells ln 
a skin grafting procedure. 

m yet another aspect of the present 

;::r:: d there is provided * « «^ 

amicuit t ° ° £ cells " hich are ***«»y 

difficult to grow and regenerate. Such cells include 
nerve muscle and hrain cells. The method co mP " I f 
contacts a culture of nerve, muscle, brain or any 

regeneration, with an effective amount of 3 f , a . 
of the sublet antisense fragments or 

Z*IZ ; lent time 80 as to sti — »" 

15 

In another aspect of the invention, there is 
Provided a method for preventing cell death due to 
apoptos ls by contacting said cells with at least one 
of the subject isolated antisense fragments and 
2Q ^nucleotides. Such a method finds particular use 
in expansion and maintenance of hematopoietic cell 
populations by minimizing programed cell death 

In still another aspect of the present 
invention, there is provided a method of LandL 
hematopoietic cells in umbilical cord blooTbT 
contacting a sample of the cord blood with at least 
one of the subject antisense fragments or 
oligonudeotides. Preferred oligonucleotides for 

3o (SEQ ID N0:8) and OL-2 (SEQ ID NO:10) . 
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As used herein, . cell culture „ 

billed rn the art. Preferred cell cultures are 

7 a " >n <= e11 deferred cell type, for the 

5 cell cultures of the preseM invention *~ the 

fibroblasts bone marrow cells, mononuclear cells 
neutrophils and hematopoietic stem cells 
Hematopoietic stem cells include cells of erythroid 
Uneage, granulocyte/macrophage lineage, or 
M ^-^-yte/erythroid/myeloid/megakaryocyte lineage 

As used herein, -effective amount- refers to 
that amount which is effective in achieving the 
method. For example, i n . method of inhibiting cell 
proliferation, an effective amount of r-rm „ 
- ^ as defined herein comprise^^molr^ 
is effective ln .nhiM^, cell proliferation. In a 
-thod of inhibiting the activation of pkr or in 

"f" 5 "»«»«•»"<» (expansion) , an 

cloT aKOUnt ° £ an iS ° lated nuclei = ^lecule 

::: p :=e::iZ ^ir 1 ^ — 

amount whi h is effective in ^ 
of PKR or m stimulating cell proliferation, m 

SUb -" -'-nucleotides are added to 

iooum f 8 ln an e££ective amount of ab °« to 

to 10„M final concentration. Nucleic acid molecules 
(fragments, are added to cell cultures in an effe t ve 
amount of about 1 „g to about 1000 ng/ml final 
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conception, and preferably at about 50 n g to about 
1 150 ng/ml final concentration. 

A further aspect of this invention provides 
Pharmaceutical compositions containing the subject 
nucleic acid molecules and oligonucleotides and a 
5 Pharmaceutical^ acceptable carrier. Dosages can be 
readily determined by one or ordinary skin in the art 
based on preferred effective amounts and formulated 
into the subject pharmaceutical compositions. 

As used herein, "pharmaceutical^ acceptable 
1Q carrier" includes any and all solvents, dispersion 
media, coatings, antibacterial and antifungal agents 
isotonic and absorption delaying agents, and the like 
that are non- toxic to the particular cells in culture. 
The use of such media and agents for pharmaceutical 
active substances is well known in the art _ fc 
insofar as any conventional media or agent is 
incompatible with the either the active ingredient 
i.e., the subject nucleic acid fragments or 
oligonucleotides or the particular cell culture type 
its use m the pharmaceutical compositions is 
contemplated. Supplementary active ingredients can 
also be incorporated into the compositions. 

The present invention further provides kits 
which comprise at least one of the subject isolated 
nucleic acid molecules or oligonucleotides and a 
pharmaceutical^ acceptable carrier. The 
Pharmaceutical^ acceptable carrier may be packaged 
either separately from or admixed with the subject 
nucleic acid molecules and oligonucleotides 
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The invention is further Ulustrated by the 
foil,™, specific examples which are not intended in 
any way to llmit tne SCQpe q£ 
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EXAMPLE 



1 ISOLATION AND ANALYSIS OP A PARTIAL 

CDNA ENCODING R-RNA J?ARTZAL 

In order to determine the number of rnac 
constituting the R-rn* a „*. ■ As 

5 ~ uL 9 jrjtr;^ r:: P d la r 

was carried out. Mouse 3T3-F442A cell, UB template 

:ir r::~r d with m fetai °* if 

ne cell extracts were prepared as 
10 Previously described (Petryshyn, et ai 1984 T 

Biol. Chem. 255:14736-14742) Cv^i "• 
isnlaha ^ , Cytoplasmic RNA was 

isolated from cultured 3TVF/U?* , ,. 
anrf ™i /»»♦ and human C EM cells 

olLC Md POly ' A) ' RNS " as ^ a 

oUgoCdT) celimose colMn as previQU 

H T.oT, rr 1Ved ^ >-te treat^ 

H,0 (0.1,) and used Mediately or stored at -20°c 

20 r , b ed .... ^r^rcrr 

accordil , " SyStem «-"»•»> 

according to manufacturer's instruction. RHAs „ e „ 

heated at for 5 ml „ and chined on 

85 transection reactions ,20*1, contained i x Tag 

^un ts ^ Pm01 01190 ,dT) and 

7.5 unrts AMV reverse transcriptase. The mixtures 

were prerncubated for 10 „in at 23- C . folded " 

30 incuhatron for 6 0 min at 42°c. Reactions were 
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terminated by heating at 95°c for in • 

use. Three distinct cdhas were visualised 



««« separation of reaction^ J e ; r Z 0 U ; UZed 
previous, described (Srafcro X 1 J "I" 35 

10 ^ DNAs were then used ftrl WSe - 

«li ana recombinants ware select., 

colonies cn LB/top/x . gal ^ « ^tlmt^' 
were isolated bv a recombinant DNAs 

1989) and i Procedure (Sambrook, et al 

1 89, and linearized by digestion with Sac r tL 
3 '-overhang created by the Sac I cH . 

15 * treatment with KleLw fr^t^"^- 
of artificial dsRNA during * reauce formation 

transcripts were made from the lineal e d ' "* 
DMA from the T7 nut „„, UM ™ 1,M recombinant 

20 Polymerase f « -A 

recommended procedure 1. ' , mamf a «"rer ■ s 

- Prepared f rom ^ TT^ 
PHST101 (Lee Gehrlce MIT1 , f > ! Plasmid 
_ *» transcripts were ZkTJTT ^ HI ' 

5 agarose aeis foUowed by eiectrLl t * ^ 1% 

^srssrsr added - ~ 

protein kinase assays containing 
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latent pkr and the extonh «f v 

waq . . SXtent of kin ase Phosphorylation 

was determined as described in Example 2. 
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1 IDENTIFICATION OP R-rma 

PROTEIN KINASE ^s^f THR0U <* 

R-RNA cDNA «sre7:el?J Ur T* of the 

3 kinase ^^^^7 addition to 

» « was incubate, in a " mSnt ' 

unit/ml RN ase T1# 3Q * * «**ture containing 10 

NaCl, 5 mM Mgci and n , (P 8 - 0) ' 300 «M 

- 37*. J R L v ' r ^ t dithl0threit - *« - mi n 

*> Mg/»1, was incubate. n T' RNA < 2 

-it/ml RNase vi at 2 S 5 d " * miXtu - containing 10 

and 200 mM NaC1 for 15 C1 7.2). 10 „m Mg ci 2 

treatment, transcript rna n , *° T heat 
"0 *M KC1 an d heate d a , ^ t0 

15 were either allowed to coo \ " 2 ^ The -Pi- 
°r were innately frozen J "° r °° m ^perature 

thawed on i ce AlL! T 9 7 lca bath ™* 

-ote in kin ase a" y T ^ l*^ ^ to 
2q <>f 500 ng/ml transept " 3 ^ —Nation 

20 3T3-P442A ^ ^ *> using 

'~ 3 T3 - F442A cel ■ £ "> or PKH purified 

»83, ^ ods ^ oi . (o 5 4 : g 6 etryshyn - et ai - 

conditions as described * Were Performed und er 

^ Biol. C hem . 259: 14736 . 1 'I »84. 

indicate. in Figures u J ^ ^ions are as 

separate, by electron* Pr °tems were 

snq eXect rophoresis on 7.5% 

SDS-polyacrylami de ge i s ant , „. t 
were analy zed following . Ph ° Spho ^otein profiles 

30 al " 1^78, J l oi T S ° radi ° graphy (Ern ^, et 
J - Biol. Chem. 253:7163-7172). 
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Poly (I) •Poly (C) was obtained from Pharmacia and [y- 32 P] 
ATP (4500 Ci/mmole) was obtained from ICN. 

Although a substantial number of clones were 
analyzed, only cDNA from one clone designated R-15 
gave rise to an RNA transcript (-800 nucleotides) 
which facilitated the phosphorylation of a 67 KDa 
phosphoprotein previously identified as PKR 
(Petryshyn, et al., 1994, Progress in Molecular and 
Subcellular Biology 14:1-14; Petryshyn, et al . , 1984, 
J. Biol. Chem. 255:14736-14742). This cDNA was termed 
R-RNA cDNA. The addition of this transcript to 
protein kinase assays containing crude 3T3-cell 
extract, (Fig. 1A, lanes 9 and 10) or highly purified 
preparations of PKR (Fig. IB, lanes 6-8), resulted in 
a concentration dependent phosphorylation of PKR. In 
contrast, no phosphorylation of the kinase was 
observed in the absence of added RNA (Fig. 1A and B, 
Lane 1) . That the observed phosphorylation of PKR was 
not due to either an adventitious RNA transcript or 
was an artifact of in vitro transcription is 
demonstrated by the finding that no phosphorylation of 
PKR was observed with identical levels of similarly 
prepared transcripts from all other randomly selected 
clones tested (four of which are shown, Fig. IB, lanes 
3-8 and lanes 11-12), or upon addition of a similarly 
prepared globin RNA transcript (Fig. IB, Lanes 3-5) . 
Moreover, addition of the RNA transcript (269 
nucleotides) obtained from the pGEM vector alone was 
without effect. 

In addition, both sense and antisense RNA 
probes to the R-RNA cDNA (SEQ ID NO: 2 and the 



35 



WO 98/54315 



PCT/US98/I0001 



complementary sequence to SEQ ID NO: 2, respectively) 
were prepared and used to address the possibility that 
the activation of PKR may be due to RNA : RNA hybrids 
formed as a result of some opposite sense strand 
synthesis during transcription (Schenborn, et al., 
1985, Nucl. Acids Res. 13: 6223-6236). in the 
experiment shown in Pig. 2C (upper panel), antisense 
and sense RNA preparations (1.10 and 100 ng) were 
applied separately to nitrocellulose sheets. Because 
the hybridization signal using the 32 P-labelled probe 
was sensitive to as little as 1 ng of RNA (Fig. 2C , 
upper panel), any contaminating opposite sense RNAs 
representing 1% or greater of the 100 ng sample 
applied would have been easily detected. The data 
indicated that no opposite sense RNAs could be 
observed in the reaction products of the R-RNA cDNA 
transcribed from either orientation, even after 
prolonged exposure of the autoradiogram. This is 
further supported by the finding that one of the RNA 
probes (sense orientation) showed no hybridization to 
poly (A) + RNA which indicated a complete lack of 
complementary sequences, while the other probe 
(antisense orientation) hybridized efficiently. 
Furthermore, since phosphorylation of PKR was observed 
after addition of as little as 12.5 ng of R-RNA 
transcript (Fig. 1, lane 8) any contaminating RNAs 
representing 1% or less in amount would be 
insufficient to account for this level of 
phosphorylation . 
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EXAMPLE 3 

R-RNA cDNA CLONE ANALYSIS AND SYNTHESIS 
AND PURIFICATION OF THE R-RNA TRANSCRIPT 

The R-RNA cDNA (847 bp) was inserted into 
the vector pGEM3Zf (+) at the Eco RI site adjacent to 
the T7 promoter and subcloned. The orientation of the 
cDNA with respect to the T7 polymerase promoter was 
determined by restriction mapping with Hind III. As 
indicated in Figure 2A, a unique Hind III site is 
located within the R-RNA cDNA and an additional Hind 
III site is located in the vector 3' to the insertion 
site. The DNA was separated by 1% agarose gel 
electrophoresis and the fragments were visualized 
after treatment with ethidium bromide (Figure 2B) . 

After the R-RNA cDNA was subcloned into the 
pGEM-3Zf (-) and pGEM-3Zf (+) vectors as described 
above, the cDNA was sequenced in opposite directions 
by the dideoxy- mediated chain termination method 
(Sanger et al . , 1977, Proc. Natl. Acad. Sci. U.S.A. 
74:5463-5467) using Taq DNA polymerase (Promega) . 
Reactions contained [a- 35 S]dATP (3000 Ci/mmole, 
Amersham) and were carried out in the presence of the 
universal forward and reverse primers (18-mers) 
(Promega) . Bidirectional nucleotide sequencing of DNA 
amplified by PCR was as described above except that 
the amplified DNA was first cloned into the pGEM 
vector (Promega) containing both the T7 and SP6 
promoters. A sequence search of the GenBank data base 
using the Wisconsin Genetic Computer Group software 
package was conducted. The complete nucleotide 
sequence (847 bp) of the partial R-RNA cDNA was 
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determined (Fig. 3A) (SEQ ID NO:l). a search of the 
data base revealed that this sequence had no 
significant homology to the human or mouse PKR cDNA. 
Analysis of the nucleotide sequence indicates only one 
possible uninterrupted open reading frame consisting 
of 282 amino acids (Fig. 3A) , indicating the 
likelihood that the R-RNA is an mRNA. The R-rna 
sequence deduced from the sequence of the 
corresponding cDNA (SEQ ID N0:1) is set forth in SEQ 
ID NO: 2. 

To examine further the possibility that the 
R-RNA is an mRNA, a synthetic peptide corresponding to 
amino acids 9 - CRLVAKEYLDENNPEES - 2 5 (SEQ ID NO: 3) (Fig. 
3A) was used to prepare a specific antiserum. Peptide 
synthesis and purification were carried out by 
automated FMOC solid phase synthesis as previously, 
described (Nekhai, et al., 1996 Virology 222: 193 -200) . 
Rabbit polyclonal antiserum was raised against 
hemocyanin- conjugated peptide (EDC Conjugation, 
Pierce) according to standard procedures (HRP Inc.). 
Preimmune serum was obtained from the same animal 
prior to antigen administration; western blot analysis 
was performed as previously described (Warrener, et 
al., 1991, Biochem. Biophys. Res. Commun. 180: 716- 
723). Western blot analysis using immune- (Fig. 3b) 
and preimmune- (Fig. 3C) sera indicated that a 62 KDa 
protein present in extracts from mouse (Fig. 3B, lane 
1) and human (Fig. 3B, lane 2) 3T3 cells and from 
human MG63 osteosarcoma cells (Fig. 3B, lane 3), 
specifically reacted with antipeptide serum. This 
protein did not appear to be expressed in rabbit 
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reticulocyte lysate (Fig. 3B, lane 5) or in extracts 
from E.coli (Fig. 3B, lane 4). Since the 62 KDa 
protein was detected in at least 3 of the 4 eukaryotic 
cell extracts but not in a prokaryotic cell, it 
suggests that the R-RNA encoding the 62 KDa protein is 
a widely expressed eukaryotic mRNA. The function of 
the protein is unknown. Recently, two sequences 
have been identified as human sequences with near 
perfect nucleotide identity to the R-RNA sequence of 
the present invention. The two sequences are an EST- 
cDNA sequence from infant brain which is 99% identical 
over its entire 362 bp stretch (Khan, et al., 1992, 
Nature. Genet. 2: 180-85) and an cDNA which is 100% 
identical over a 231 bp overlap with the R-RNA 
sequence (Obradobic et al . , EMBL Accession No. 
HO4703) . The evolutionary significance of the high 
level of nucleotide conservation remains to be 
elucidated but may be explained by a requirement for 
the R-RNA to encode a functional protein and also to 
retain an ability to form a specific structure (s) 
necessary for the activation of PKR. 

The R-RNA transcript was transcribed in 
vitro from the recombinant pGEM-3zf (±) plasmid after 
linearization with Sma 1 (Promega) . Transcription 
from the T7 promoter was carried out using the 
MegAscript kit (Ambion) according to the 
manufacturer's instructions. The reaction mix was 
separated by electrophoresis on 0.75 mm, 4% 
acrylamide/bisacrylamide (19:1) TBE gels, containing 
7M urea. The quantity of the RNA synthesized allowed 
visualization of bands using shadow- casting. The 
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advantage of this method is that ethidium bromide, 
which may interfere with kinase assays can be avoided. 
The gel was covered in plastic wrap and placed on top 
of an intensifying screen (Kodak) . The gel was 
exposed to short wave UV light (254 nm) . The shadow 
cast by the RNA was clearly visible. Gel slices 
containing the discrete 847 nt R-RNA transcript were 
excised, and the RNA eluted overnight in a solution 
(300 ul) containing 2M CH 3 C00NH 4 , 0.1% SDS and 0.5 mM 
EDTA. The RNA was precipitated in ethanol, 
resuspended in DEPC- treated H 2 0 and stored under 
liquid nitrogen. The gel purified R-RNA transcript 
was digested with RNAse Tl (Pharmacia) and RNAse 
VI (Pharmacia) and utilized for protein kinase 
reactions. 
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EXAMPLE 4 
PCR ANALYSIS 



PCR analysis was performed utilizing DNA 
from several eukaryotic sources as a template and the 
specific primer pair designed to amplify a 380 bp 
region of the R-RNA cDNA fragment. The 
oligonucleotide primer pairs were selected from the 
sequence of R-RNA cDNA (see Fig. 3). The upstream 
primer corresponding to nucleotides 132-151 
( 5 ' - GAAAGTGTAGGCTTGTCGCA - 3 1 ) ( SEQ ID NO : 4 ) and 
downstream primer corresponding to nucleotides 492-511 
{ 5 1 - CAGCATTAGGAGTTGTGCCC - 3 1 ) ( SEQ ID NO: 5) were 
synthesized using a Model 391 DNA synthesizer (Applied 
Biosystem) according to the manufacturer's 
instructions. PCR reactions were carried out as 
previously described, (Kawasaki, E.S. 1990 in M.A 
Innis, D.H Gelfand, J.J. Sninsky, and T.J. White, 
(eds) PCR Protocols: a Guide to Methods and 
Applications, pp. 21-27, Academic Press, New York) 
with some modifications. The reactions were adjusted 
to contain in a final volume of 50 ^1: IX Taq 
polymerase buffer, 3.5mM MgCl 3 , 1,25 unit of Taq 
polymerase (Promega) and 25 pmol of primer pairs. 
Amplification was carried out using a Biosycler Oven 
(BIOS Corp.) for 35 cycles under the following 
conditions: denaturation was for 2 0 sec at 92°C, 
synthesis was for 20 sec at 72°C, and annealing (20 
sec) was carried out sequentially for 2 cycles at 
72°C, 70°C, 68°C, 66°C, 64°C, 61°C, 58°C and 21 cycles 
at 55° C. Aliquots (20 ^1) from each sample were 
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separated by electrophoresis on 1% agarose gels 
containing 0.045 M Tris -borate and 0.001 M EDTA, and 
visualized after staining with ethidium bromide. 

The results shown in Fig. 4A indicate that 
genomic DNA from mouse 3T3-F442A and human CEM cells, 
and DNA from mouse liver served as a template to 
amplify a 380 bp region of the R-RNA cDNA fragment. 
Moreover, a 380 bp region was also amplified when 
yeast DNA was used as a template for amplification 
(Fig. 4A) . In addition, each of the amplified DNAs 
were sequenced and found to be identical to the 
original R-RNA cDNA with the exception of a single 
reproducible nucleotide change in the human CEM cell 
amplified DNA sequence. To rule out the possibility 
that contaminating DNA was amplified during the PCR 
analysis, genomic DNA from liver tissue of sheep, rat 
and mouse and from human CEM, 3T3-F442A and yeast 
cells was digested with Eco RI and subjected to direct 
Southern blot analysis using the R-RNA cDNA probe. 
The data clearly indicate that the R-RNA cDNA probe 
hybridized to one prominent band present in the 
digested DNA from each of these sources (Fig. 4B) . 
The relative size of the hybridizing fragments was 
approximately the same for each of the digested DNA 
samples examined except for that of the rat which was 
diminished. It is likely that the rat sequence is 
less conserved and this is reflected in an altered 
EcoRI site. In contrast, multiple restriction bands 
were detected in genomic DNA from human, mouse and 
yeast cells following digestion with BamHI or Smal. 
These findings indicate that the R-RNA cDNA sequence 
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is present in eukaryotes, and that a portion of the 
sequence is highly conserved in nature. This is 
further confirmed by two independent reports 
describing short human cDNA sequences with essentially 
100% nucleotide identity to the R-RNA sequence over 
the region where sequence information was available. 
(EMBL accession number X55722; Khan, et al . , 1992, 
Nature Genet. 2: 180-85). 
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EXAMPLE 5 
NORTHERN AND DOT BLOT ANALYSIS 

32 

P labeled and non- radioactive RNA 
transcripts were prepared from each construct using T7 
polymerase after linearization with BamHI. rn As were 
denatured with formaldehyde (Sambrook, et al., 1989) 
before use. For Northern blots, the RNAs were 
separated by electrophoresis on a 1% 
agarose -formaldehyde gel and transferred to 
nitrocellulose paper (Schleicher & Schuell) as 
described (Sambrook, et al., 1989). For dot blots, 
the RNAs were diluted as indicated in Figure 2C and' 
applied onto nitrocellulose under vacuum. Both blots 
were prehybridized for 4 h at 42 °C in a solution 
containing 5X SSPE, 50% (v/v) formamide, 5X Denhardt's 
solution and 10% (w/v) dextran sulfate. Hybridization 
was for 18 h at 42°C in the same solution containing 
denatured salmon sperm DNA (20 ^g/ml) and 
[a - 32 P]dCTP- labeled R-RNA cDNA probe (25 ng/ml) 
prepared by nick translation (10 7 - 10 8 cpm/.ug) for 
Northern blots (Sambrook et al., 1989) and 
[a- 32 P] ATP - labeled R-RNA transcripts (10 7 cpm/^g) for 
dot blots (1 x 10 6 cpm/ml hybridization buffer) . An 
actin DNA probe of similar size and labeled to the 
same specific activity as the R-RNA cDNA probe was 
used in some experiments in order to compare the 
relative amounts of the hybridization signal between 
the R-RNA and actin RNA observed in the total 
cytoplasmic RNA preparation. Following hybridization, 
the blots were washed 4 times with a solution 
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containing 2X SSC and 0.1% SDS for 5 min each at room 
temperature. This was followed by 2 washes with 0.1X 
SSC and 0.1% SDS at 60°C. Blots were air dried and 
subjected to autoradiography. 

Previous studies have demonstrated that the 
R-RNA activity initially observed in the total 
cytoplasmic RNA obtained from confluent cultures of 
3T3-F442A cells quantitatively co-purified with the 
poly(A) + RNA after separation on oligo (dT) -cellulose 
(Li, et al., 1991, Eur. J. Biochem. 195: 41-48). 
Consistent with this finding are the results of 
Northern blot analysis which demonstrate that the 
R-RNA cDNA hybridizes to a distinct RNA of 
approximately 2 Kb in size present in the poly (A)* 
RNA (Fig. 5A, Lane 2) and the total cytoplasmic RNA 
(Fig. 5B, Lane 1), but not in the poly (A)" RNA 
prepared from 3T3-F442A cells (Fig. 5A, Lane 3; Fig. 
2C) . Northern blot analysis also indicates that the 
hybridizing cytoplasmic RNA is of low abundance 
(relative to actin mRNA) as would be expected for an 
RNA involved in PKR activation (Fig. 5B, compare Lanes 
1 and 2) . These data further indicate that the R-RNA 
cDNA is not full-length and accounts for only about 
48% of the R-RNA sequence. Of additional interest was 
the observation that the R-RNA cDNA probe hybridized 
to an RNA of approximately 2 Kb in size, present in 
the poly (A) + RNA fraction prepared from human CEM 
cells (Fig. 5A, Lane 1) . This indicates that the R- 
RNA is expressed in some human cells and that it has a 
functional role in cells other than 3T3-F442A mouse 
fibroblasts . 
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EXAMPLE 6 

x EFFECT OF DNA/RNA HYBRIDIZATION ON 

THE PHOSPHORYLATION OF PKR 

In order to address the possibility that the 
screening procedure used to isolate the R-RNA cDNA and 
^ identify the R-RNA could have missed some other 
activating RNAs , hybridization experiments were 
performed. Complementary base pairing between the 
R-RNA cDNA and the R-RNA would specifically disrupt 
the secondary structure in the R-RNA which interacts 
10 with PKR, but would have no effect on other 

potentially PKR activating RNAs which would remain 
active. 

3 To carry out DNA/RNA hybridizations, the 

cytoplasmic RNA (2 jug) , the isolated R-RNA (200 ng) 

■j^ and the R-RNA transcript (20 ng) were each mixed - 
with a 5 -fold excess (wt/wt) of gel purified R-RNA 
cDNA and heated at 95°C for 5 min in the presence of 
100 mM KC1. The mixtures were then allowed to cool 
slowly to room temperature. For controls, parallel 

2q hybridization reactions were performed containing: 100 
mM KC1 only; the RNAs alone; cDNA alone; 
poly (I) «poly (C) alone; and poly (I) •poly (C) with 5- fold 
excess cDNA. Aliquots (5 yul) were added to protein 
kinase assays. 

25 The data in Fig. 6 demonstrate that under 

the hybridization conditions used, the R-RNA cDNA 
efficiently prevented the phosphorylation of PKR by 
the R-RNA transcript (Fig. 6, Compare Lanes 3 and 4). 
The R-RNA cDNA alone did not cause phosphorylation of 

„ the kinase (Fig. 6, Lane 9) or affect the level of its 
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phosphorylation by low levels of poly (I) .poly (C) (data 
not shown) . Of particular importance is the finding 
that the R-RNA cDNA completely prevented the R-RNA 
activity in the isolated R-RNA (Fig. 6, Compare Lanes 
5 and 6) , and in the total cytoplasmic RNA preparation 
(Pig. 6, Compare Lanes 7 and 8) . Moreover, the 
addition of several unrelated DNAs including the pGEM 
vector DNA to hybridization reactions had no effect on 
the subsequent level of PKR phosphorylation by these 
activating RNA preparations (data not shown) . This 
data indicates that a single cellular RNA is largely 
responsible for the phosphorylation and activation of 
PKR. 
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EXAMPLE 7 
PROPERTIES OP THE R-RNA TRANSCRIPT 

A distinct feature of PKR is that low levels 
of dsRNA are required for its phosphorylation and 
activation, but high levels of dsRNA prevent 
phosphorylation and activation (Farrell et al., 1977, 
Cell 11: 187-200; Petryshyn et al., 1975 J. Biol. 
Chem. 250: 409-417). Protein kinase assays were 
performed in order to determine if high concentrations 
of poly (l)«poly(C) could also prevent the 
phosphorylation of PKR by the R-RNA transcript. The 
assays were performed under the conditions described 
in Example 2. Addition of the R-RNA transcript (2.5 
^g/ml) to protein kinase assays resulted in a level of 
PKR phosphorylation (Fig. 7, Lane 4) similar to that 
observed with poly (I), poly (C) (150 ng/ml) (Fig. 7, 
Lane 2) . This phosphorylation was completely 
prevented by addition of high concentrations (50 
fig/ml) of poly (I). poly (C) (Fig. 7, Lanes 3 and 5). 
These results demonstrate that the R-RNA transcript 
facilitates PKR phosphorylation in a manner similar to 
that observed with low levels of viral and synthetic 
dsRNA (Petryshyn et al., 1984, J. Biol. Chem. 259: 
1436-14742; Petryshyn et al., 1988, Proc. Natl. Acad. 
Sci. USA 85: 1427-1931; Galabru et al . , 1989, Eur. J. 
Biochem. 178:581-589; Edery et al . , 1989, Cell 56: 
303-312; Petryshyn et al., 1975; Bischoff et al . , 
1989, Virology 172:106-115) . Moreover, while maximal 
phosphorylation was observed with concentrations of 
between 0.5-2.5 /ug/ml of added R-RNA transcript, 
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concentrations at 10 //g/ml and above resulted in a 
concentration dependent prevention of PKR 
phosphorylation. Thus the transcript also elicits a 
paradoxic pattern of PKR phosphorylation similar to 
that observed with those viral and synthetic dsRNAs 
which activate PKR. To partially characterize the 
structural features in the R-RNA transcript involved 
in PKR activation, the R-RNA transcript was subjected 
to digestion with the ssRNA- specif ic RNase Tl and the 
dsRNA- specific RNase VI, and to thermal denaturation. 
The activity of the transcript was completely 
abolished by treatment with RNase VI (Fig. 7, Lane 7) 
while RNase Tl had no effect on its activity (Fig. 7, 
Lane 6) . Thermal denaturation (100°C for 2 min) of 
the transcript followed by either slow cooling (Fig. 
7, Lane 8) or rapid cooling (Fig. 7, Lane 9) prior to 
addition to protein kinase assays had no effect on the 
activity of the transcript. These results indicate 
that the R-RNA transcript contains one or more dsRNA 
regions which are necessary for the phosphorylation of 
PKR. This region (s) appears to be a favorable 
structure (s) which reanneals following thermal 
denaturation to retain sufficient dsRNA structure to 
facilitate PKR phosphorylation. Moreover, these 
observed effects of heating, high concentrations of 
poly (I) •poly (C) and RNases Tl and VI on the activity 
of the R-RNA transcript are essentially identical to 
those previously reported using the R-RNA fraction 
isolated from the total cytoplasmic RNA of 3T3-F442A 
cells (Li et al . , 1991 Eur. J. Biochem. 155:41-48). 
Thus it is likely that the transcript, although 
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shorter in length than the isolated R-RNA, retains the 
same structural features involved in the activation if 
PKR. 
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EXAMPLE 8 
ASSOCIATION OP THE R-RNA WITH PKR 



In order to determine whether the R-RNA was 
specifically associated with PKR that had been 
directly isolated from 3T3-F442A cells, PKR was immune 
precipitated from cell extracts using anti-PKR 
antibodies. The RNA in the immune complex was 
isolated and subjected to reverse transcriptase 
dependent PCR (RT-PCR) analysis. An association would 
be expected under physiologic conditions where these 
cells exhibited high levels of kinase activation 
(Petryshyn, et al . , 1984, J. Biol. Chem. 259: 14736- 
14742; Petryshyn, et al., 1988, Proc. Natl. Acad. Sci. 
U.S.A. 85: 1427-1431). It has previously been shown 
that under these conditions, the kinase was 
specifically and quantitatively precipitated 
(Petryshyn, et al . , 1988) and that RNA(s) containing 
the R-RNA activity was specifically associated with 
PKR in the immune complex (Li, et al., 1991, Eur. Bio. 
Chem. 195 41-48) . 

3T3-F442A cell extract (2.4-4.2 mg protein) 
was incubated with 200 M i of rabbit anti-3T3-PKR serum 
(Petryshyn, et al., 1984) on ice for 1 h. The mixture 
was transferred to a tube containing a 200 yl pellet 
of protein A-Sepharose which had been previously 
washed 3 times with TBS buffer (10 mM Tris-HCl (pH 
7.4), 50 mM NaCl , 1 mM phenylmethylsulf onyl fluoride, 
100 kU/ml aprotinin, and 0.1% Triton X-100) and 
incubated overnight at 4°C with constant shaking. The 
mixture was then centrifuged for 1 min in a macrophage 
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to collect the precipitate which contained the complex 
of PKR and the associated R-RNA. The precipitate was 
washed 3 times with 500 fil TBS buffer and resuspended 
in 500 /il TBS buffer. The R-RNA was extracted from the 
complex with phenol : chloroform (1:1) followed by an 
extraction with chloroform. The R-RNA was pre- 
cipitated with ethanol and resuspended in 20 \x\ H 2 0. 

RT-PCR analysis was performed as previously 
described (Kawasaki, E.S., 1990) with some 
modifications RNAs were heated at 95°C for 5 minutes 
and chilled on ice. Reverse transcription reactions 
(20 ul) contained lx Taq polymerase buffer ( Pr omega ) , 
3.5 mM MgCl 2 , ImM each of dNTP, 1 unit/ul RNasin, 100 
pmol oligo (dt) primer and 7.5 units AMV reverse 
transcriptase. The mixtures were preincubated for 10 
minutes at 23°C / followed by incubation for 60 minutes 
at 42°C. Reactions were terminated by heating at 95°C 
for 10 minutes. 

The results shown in Fig. 8 indicate that 
RT-PCR reactions containing total cytoplasmic (Fig. 8, 
Lane 1) or poly (A) + RNA (Fig. 8, lane 2) gave rise to 
a single amplified product of approximately 380 bp. 
This is the size of the amplified DNA expected from 
reactions using this specific primer pair, and was 
also observed by direct PCR of the R-RNA cDNA (Fig. 8, 
Lane 7) . Importantly, the putative R-RNA extracted 
from immune precipitates containing PKR, gave rise to 
a single amplified DNA of the expected size (Fig. 8, 
Lane 4) . RT-dependent amplification was not observed 
in reactions which contained no RNA (Fig. 8, Lane 6) 
or when the oligo (dT) primer was omitted (Fig. 8, Lane 
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5) . As expected, no amplification was observed when 
the A" RNA fraction was used as a template in the RT- 
PCR reaction (Fig. 8, Lane 3) . In addition, direct 
dot blot analysis of the RNA extracted from immune 
precipitates containing PKR also revealed specific 
hydridization to the R-RNA cDNA probe (data not 
shown) . While the possibility cannot be excluded that 
other non- activating RNAs may have non- specif ically 
co-precipitated with PKR, the results demonstrate that 
the R-RNA is associated with the kinase that had been 
directly obtained from 3T3-F442A cells. Furthermore, 
the association of the R-RNA with PKR in cell extracts 
makes it highly unlikely that its activation by the 
isolated or transcript R-RNA (Figs. 1 and 6) is due to 
artifactual RNA created by isolation or synthesis 
procedures. This finding demonstrates a physiologic 
role for the R-RNA in the activation of PKR. 
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EXAMPLE 9 

! ANALYSIS OF THE DOUBLE - STRANDED 

CONTENT OF THE R-RNA 

Previous studies have shown that activation 
of PKR by cytoplasmic RNA obtained from 3T3-F442A 
g cells or by the R-RNA transcript obtained from 3T3- 
F442A cell cDNA is dependent on single- stranded (ss) - 
RNA containing double- stranded (ds) - structure (Li , et 
al., 1991, Eur. Bio. Chem. 195: 41-48 and Li, et al . , 
1997, Mol. Cell. Diff. (In Press)). To determine the 

1Q relative extent of ds- structure in the R-RNA 

transcript involved in activation of PKR, its activity 
was examined via protein kinase assays over a broad 
concentration range and compared to activation with 
poly (I) -poly (C) . 

25 Protein kinase assays (20ul) using PKR 

purified from rabbit reticulocytes (0.5 ng) (Petryshyn, 
et al,, 1983, Methods Enzymol . 99: 346-362) were 
performed under conditions as described (Petryshyn, et 
al., 1988, Proc. Natl. Acad. Sci. U.S.A. 85: 1427- 

2q 1431). Other additions are as indicated in Figure 9. 
Proteins were separately by electrophoresis on 7.5% 
SDS-polyacrylamide gels (SDS-PAGE) and phosphoprotein 
profiles were analyzed following autoradiography. 
Poly (I) -poly (C) was obtained from Pharmacia and [y 

2 p- 32 P] ATP(4500Ci/mmol) was obtained from Dupont. The 
extend of PKR phosphorylation was quantitated from 
autoradiograms by scanning densitometry (Shimadzu, 
Kyoto, Japan) . 

The R-RNA transcript and poly (I) -poly (C) 

^ were added to the protein kinase assays at the final 
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concentrations indicated in Figure 9, and the extent 
of activation was determined by quantitation of the 
level of PKR phosphorylation. The results show that 
the profile of activation observed with the R-RNA 
transcript was similar to that observed with poly(I)- 
poly(C) (Fig. 9) . Both RNAs show a transient effect on 
PKR, i.e., a dose dependent activation at low 
concentration followed by a dose dependent inhibition 
of activation at higher concentrations. The transient 
effect of poly (I) -poly (C) observed is consistent with 
previous reports (Farrell et al . , 1977 Cell 11: 187- 
200; Hunter et al . , 1975/ J. Biol. Chem. 250: 409- 
417) . However, the minimum concentration of the R-RNA 
transcript (0.64 ug/ml, dashed line, Fig. 9) , necessary 
for optimal activation of PKR is 16 -fold higher than 
the minimal concentration of poly (I) -poly (C) required 
for a similar level of activation, (0.04 ug/ml, dashed 
line, Fig. 9). Since poly (I) -poly (C) can be assumed 
to be entirely composed of ds-structure (Hunter, et 
al., 1975, J. Bio. Chem. 250: 409-417), and the R-RNA 
transcript contain both ss- and ds- structures (Li, et 
al., 1997, Mol. Cell. Diff. (In Press)), the 
difference in the relative minimum concentrations 
needed for optimal activation may represent 
differences in the extent of ds-structure between the 
two molecules. This implies that the ds- region 
involved in activation of PKR constitutes a small 
portion of the secondary structure with the R-RNA. 
This is further supported by the observation that 
digestion of the transcript with ss-RNA specific RNase 
Tl resulted in formation of RNA fragments of 
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approximately 60 bp or less in length (Fig. ioa, lanes 
3-7). These fragments are still capable of activating 
PKR (Fig. 10B, lanes 3-7) indicating that they retain 
the critical ds- structure (s) even after digestion with 
high levels of RNase Tl . Digestion with ds-RNA 
specific RNase VI however, results in formation of 
fragments of a larger average size (Fig. 10A, lanes 8- 
12) that are unable to facilitate activation of PKR 
(Fig. 10B, lanes 8-12) . 
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EXAMPLE 10 

MAPPING OF SECONDARY - STRUCTURE INVOLVED 
IN ACTIVATING PKR 

To delineate the location of the region of 
secondary structure and nucleotide sequence of R-RNA 
involved in activation of PKR, RNArDNA hybridization 
reactions were carried out utilizing the R-RNA 
transcript and specific restriction fragments from its 
cDNA. The mappings of the secondary- structure within 
the R-RNA important for activation of PKR can be 
established by determining which of the known 
restriction fragments interfere with the capacity of 
the R-RNA to activate PKR. This is because such 
RNA : DNA duplexes are stable once they form, and they 
disrupt the natural secondary- structure of the R-RNA. 
Digestion with Alu I was selected because such 
digestion gave rise to five asymmetric fragments which 
could be conveniently separated and four of the 
fragments were easily purified. 

Figure 11A is a schematic representation 
indicating the known restriction map of the 847 bp R- 
RNA cDNA and the orientation for the five predicted 
Alu I fragments. Following digestion with Alu I, the 
predicted 284, 226, 178 and 133 bp fragments were 
obtained and highly purified by gel electrophoresis. 

To prepare highly purified R-RNA cDNA 
insert, isolated pGEM-3zf (±) recombinant plasmid was 
digested with EcoRl (Li et al., 1997, Mol. Cell, niff. 
(In press.)) and R-RNA cDNA (lmg) insert was separated 
by electrophoresis on 1.2% low melting temperature 
agarose (NuSieve, FMC Bioproducts) . The 847 bp R-RNA 
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cDNA was purified from gel slices using the QIAEXII, 
extraction kit (Qiagen) . The purified cDNA was 
digested at 37° C with Alu I (NEB) . The reaction 
productions were separated by electrophoresis on 1.5% 
agarose gels and the expected 284, 226, 173 and 133 bp 
fragments were individually purified as described 
above. The expected 26 bp fragment was not recovered. 
The purified cDNA fragments were resuspended in DEPC- 
treated H 2 0 and stored at -20° C at a concentration of 
20-25 ug/ml. 

The purity of the individual fragments is 
shown in figure 11B. Each cDNA fragment was 
hybridized to the R-RNA transcript individually or in 
combination. For RNA/DNA hybridization assays (10ul) 
reactions contained 100 mM KC1, 0.1 mM EDTA (pH 7.0), 
R-RNA transcript (5 ng) or poly (I) -poly(C) (3 ng) , and 
were supplemented with a 10 -fold molar excess of Alu I 
DNA fragments or 50-100 ng of complementary oligo as 
indicated in Figures 11C, 12B, and 12C. RNase/DNase- 
free non-specific E.coli DNA was added to reactions as 
a carrier to minimize loss of RNA transcript during 
hybridization. Hybridization reactions were for 5 
minutes at 95° in tightly capped tubes. The mixtures 
were allowed to slow cool (3 0-60 min) to room 
temperature. Reactions were placed on ice and used 
directly for protein kinase assays. Controls included 
parallel hybridization reactions containing: 
hybridization buffer alone; Alu I fragments alone; 
oligos alone; poly (I) -poly (C) alone: poly (I) -poly (C) 
with excess Alu I fragments; and poly(I) -poly(C) with 
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oligos (100 ng) as indicated in Figures lie, 12B, and 
12C. All control reactions contained carrier DNA. 

The effect of hybridization of activation of 
PKR was analyzed utilizing protein kinase assays as 
described in Example 9, It was determined that the 
226 bp fragment alone could prevent the R-RNA 
transcript from activating PKR (Fig. lie, compare 
lanes 3 and 5). The 284, 178 and 133 bp fragments had 
little or no effect on the R-RNA activity (Fig. lie, 
lanes 4,6 and 7).. Moreover, in mixing experiments 
containing all possible combinations of the Alu I 
fragments, PKR activation was prevented in only those 
assays which contained the 226 bp fragment (Fig. lie, 
lanes 8-14) . No phosphorylation of PKR was observed 
in the absence of ds-RNA (Fig. lie, lane 1). Controls 
for hybridization/kinase assays included reactions 
which contained only poly (I) -poly (C) (Pig. lie, lane 2), 
and the R-RNA transcript (Fig. lie, lane 3) . The 
phosphoprotein observed on autoradiograms of lower 
molecular weight than PKR represent trace amounts of 
contaminating proteins that vary in PKR preparations. 
Their phosphorylation is not dependent on RNA and is 
not affected by the Alu I fragments. The effect of 
the 226 bp fragments was specific because activation 
of PKR by poly (I) -poly (C) was not affected by addition 
of the 226 pb fragments to hybridization reactions and 
the 226 did not effect the phosphorylation of PKR by 
the R-RNA without being subjected to hybridization 
conditions. Moreover, no measurable ribonuclease 
activity was detected in the 226 pb Alu I fragment to 
account for loss of RNA (Fig. 11D, lane 3) during 
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hybridization. As an additional control, the 284 bp 
Alu I fragment was also examined and found to contain 
no ribonuclease activity (Fig. 11D, lane 2) . The 26 bp 
fragment could not be recovered from gels and directly 
tested in hybridization reactions. However, in 
reactions where limited digestion of the 847 bp R-RNA 
cDNA with Alu I was carried out, a 252 bp fragment 
identified by additional restriction mapping with Xho 
I(IBI) as consisting of the 226 + 26 bp (Fig. 3A) 
fragment was obtained and purified. The 252 bp 
fragment was equally effective in preventing PKR 
activation as the 226 bp fragment following 
hybridization of the R-RNA (data not shown) . These 
findings indicate that the secondary structures (s) 
important for the activation of PKR are localized to 
the 226/252 nt region within the R-RNA transcript 
consisting of nucleotides 178-430. 
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EXAMPLE 11 

x EFFECT OF ANTI SENSE OLI GODEOXYNUCLEOT IDES 

ON THE ACTIVITY OF THE R-RNA 

In order to further define the region (s) 
within the 252 nt fragment of the R-RNA involved in 
^ activation of PKR, a novel antisense approach was 
developed. Eleven short phosphorothioate 
oligodeoxynucleotides (20-22 nt in length), the sum of 
which are complementary to the 252 nt stretch of the 
R-RNA were synthesized. The oligonuoles tides were 
10 selected for optimal hybridization, and minimal self- 
folding and homo-dimer annealing. The sequence and 



size 


of 


the oligos used were: 
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25 

Figure 12A depicts the location and spatial 
arrangement of the oligos in respect to the R-RNA. 
The effect of hybridization of each of these oligos to 
the R-RNA on the activation of PKR was examined using 
protein kinase assays. The results indicate that 
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oligos OLIA (SEQ ID NO:6) (Fig. 12B, lane 4), OL2A (SEQ 
ID NO:7) (Fig. 12, lane 5), OL-2 (SEQ ID NO:10)(Fig. 
12B, lane 8) and OL-4 (SEQ ID NO: 14) (Fig. 12B, lane 
12) were effective in blocking the activation of PKR. 
The remaining seven oligos had a modest and variable 
inhibitory effect at identical concentrations, which 
may be due to nonspecific inhibition because a similar 
level of reduction was observed with non- complementary 
Oligos (OLRS [SEQ ID N0:17] and OLRD [SEQ ID N0:18]). 
The largest gap between oligos was 23 nt (between OL-2 
[SEQ ID NO:10] and 0L4A[SEQ ID N0:11]), which alone is 
insufficient in length for activation of PKR (Manche, 
et al. 1992, Mol. cell. Biol. 12: 5238-5248). The 
possibility however, that nucleotides in the gap 
sequence contributed to other sequences in the 226/252 
region for activation of PKR cannot be absolutely 
excluded. PKR was not phosphorylated in the absence 
of RNA (Fig. 12B, lane 1) . Controls included one 
assay which contained only poly (I) -poly (c) (Fig. 12B, 
lane 2) and one assay which contained only R-rna 
transcript (Fig. 12B, lane 3). The effects of these 
blocking oligos appears specific because they had no 
effect on activation by poly (I) -poly (c) (Fig. 12C, 
compare lane 2 and lanes 3-6). Moreover, no 
ribonuclease activity could be detected in blocking 
oligo preparations, or loss of R-RNA due to addition 
of these oligos (Fig. 13 compare lane 1 and lanes 2- 
5). These findings suggest nucleotide sequences 178- 
202, 263-283 and 374-393 within the R-RNA transcript 
are involved in the activation of PKR which can be 
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prevented by hybridization to corresponding 
complementary oligos. 
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EXAMPLE 17 

EFPECT OP OL-2 ON MURINE EMBRYONIC 3T3-P442A 

FIBROBLASTS 

The effect of OL-2 (SEQ ID NO: 10) was tested 
on a variety of cell types and heterogenous cell 
populations for effects on proliferation, 
differentiation, and viability. Pre-conf luent (log- 
phase of growth), 3T3-F442A cells cultured under 
normal conditions and media (10% FBS/DMEM) were 
treated separately with OL-2 (SEQ ID NO: 10) and 2 
distinct control oligos. The control oligonucleotides 
consisted of OLRD (SEQ ID NO: 18) and an 
oligonucleotide having the sequence: 

5- CCTCGGTCCCCCCTCGTCCC 3' (SEQ ID NO: 19) 
OL-2 (SEQ ID NO: 10) was added directly to a 
cell culture of 3T3-F442A cells to achieve a final 
concentration of 1.0-10uM. After three days and again 
after five days in culture , cells were examined by 
microscopy and cell numbers were determined by 
counting using a hemocytometer . As depicted in 
Fig. 14, it was observed that OL-2 (SEQ ID NO: 10) 
stimulated a 2-3 fold increase in cell number compared 
to controls resulting in a corresponding increase in 
saturation density. This increase in saturation 
density was observed at least between 1.0 -10 uM 
concentrations of OL-2 (SEQ ID NO: 10) and was 
concentration dependent. No toxicity was observed in 
cells treated with up to 10 uM final concentration. 

Cell uptake analysis, performed by the 
method described in Crooke et al. 1995, J. Pharm. Exp. 
Ther. 275:462-473, indicated that radio-labeled OL-2 
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(SEQ ID NO: 10) was stable and intact intracellularly 
for up to 72 hours. These results indicate that OL-2 

(SEQ ID NO: 10) specifically stimulates an increase in 
cell density as a result of continued cell 
proliferation in embryonic cells. 
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EXAMPLE 13 

EFFECT OF OL-2 ON HUMAN 
PERIPHERAL BLOOD MONONUCLEAR CELLS 

Fresh drawn human peripheral blood was 
layered onto Ficoll -Hypague gradients and centrifuged. 
Unfractioned mononuclear cells were collected and 
treated with antisense OL-2 (SEQ ID NO: 10) and control 
oligos at final concentrations of 0.5-5 uM. Cells 
were exposed to the oligos for three days in 
suspension medium containing Iscoves Modified Eagle's 
Medium (IMDM) and low serum level, under normal 
culture conditions. The oligo- treated and control 
cells were cultured on methylcellulose plates 
containing erythropoietin, or GM-CSF. Burst -forming 
units of erythroid lineage (BFU-E) or colony- forming 
units of granulocyte/macrophage lineage (CFU-GM) were 
determined by microscopic examination following ten 
days and 18 days of culture in methylcellulose. 

Figures 15 through 17 illustrate the effect 
of OL-2 (SEQ ID NO: 10) on erythroid progenitors 
derived from peripheral blood mononuclear cells 
(PBMC) . Controls include medium alone (no 
oligonucleotides) and an unrelated oligonucleotide 
having the sequence set forth in SEQ ID NO: 19. 

Figure 15 is a graph which depicts results 
of a representative experiment summarizing the 
response of four PBMC samples drawn from three 
individuals. PMBC's were incubated with the 
oligonucleotides for three days, then anal zed for 
burst forming units - erythroid (BFU-E' s), the most 
primitive erythroid progenitors than can be currently 
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analyzed. Results are expressed as the number of 
bursts counted per plate (average of triplicate 
plates) . The data indicate that one of the 
oligonucleotides, 0L-2 (SEQ ID NO:10), promotes an 
approximate 2X increase in burst numbers at a 
concentration of 1 uM. In addition, cells treated 
with 0L-2 (SEQ ID NO:10) formed larger colonies, 
indicating the presence of greater cell numbers per 
colony. 

Figure 16 is a graph which depicts results 
from an identical assay and demonstrates a dose- 
dependent increase in burst number. Effects are seen 
with doses as low as 0.5 uM (l-5x increase). At a 
dose of 5pM (the highest tested), OL-2 (SEQ ID NO:10) 
exhibited approximately a 4x increase in burst number. 
No effect was observed in cells treated with the other 
oligonucleotides (OL-1, OL-2, or 0L-4)or a control 
oligonucleotides having the sequence set forth in SEQ 
ID NO: 19, even at a dose of 5 pM. 

As depicted in Figure 17, significant 
increases in BFU-E's (1.5x) were observed between 24 
to 48 hours after addition of OL-2 at lpm. Increases 
(2.5x) were also observed up to 72 hours, the longest 
time point examined. These results indicate that a 
time period of between 24-48 hours is sufficient to 
accumulate an effective intracellular level of OL-2 
(SEQ ID NO: 10) . 

Thus, OL-2 (SEQ ID NO:10), significantly and 
specif cally promotes an increase in BFU-E numbers. 
These results indicate that OL-2 (SEQ ID NO: 10) 
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selectively increases the population of early 
progenitor cells (hematopoietic stem cells) . 
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EXAMPLE 14 

! EFFECT OF OL-2 ON PRIMARY HUMAN MARROW CELLS 

Frozen SBA negative (T and B cell depleted) 
human bone narrow cells (lxlO 7 cell/vial) were thawed 
and washed with 2% FBS in IMDM. Cells were 
5 resuspended at lxlO 6 cells per ml in long term 

culture- initiating cell medium (LTC-IC) consisting of 
12.5% fetal bovine serum (FBS) , 12.5% horse serum, 10" 
6 M hydrocortisone in IMDM medium. Cells were plated 
in 48 -well plates at 0.5ml/well to give a cell 
10 concentration of 5xl0 5 cells/well. OL-2 and control 
oligos were added to achieve a final concentration of 
5 uM/well. Triplicate samples were used for each 
condition. Oligos were replaced 2 -times weekly for 
three weeks. 

15 After three weeks, cultures were harvested 

by treatment with collagenase and resuspended in LT-IC 
medium and re -plated on methylcellulose plates at 
4xl0 4 cells/well. After 3-4 weeks of culture, BFU-Es, 
CFU-GMs, CFU-GEMM and total CFUs were determined 

20 following microscopic examination. Table 1 summarizes 
the data for one LTC-IC assay. It is concluded that 
OL-2 (SEQ ID NO: 10) and OL-1 (SEQ ID NO: 8) alter the 
cellularity of primary human bone marrow cells. 
Burst -forming units -erythorid (BRU-E) ; colony- forming 

25 units -granulocyte/ macrophage (CFU-GM) ; colony- forming 
units - granulocyte/ erythroid/myeloid/megakaryocyte 
(CFU-GEMM) are consistently increased 2.5-7 times with 
a total cellular increase of approxiamte 3 fold. No 
toxicity was observed. The increase in colonies of 

30 all major lineages in response to OL-2 (SEQ ID NO: 10) 
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and OL-1 (SEQ ID NO: 8) indicates an expansion of the 
pluripotent progenitor cell(s). 



10 







TABLE 1 






EFFECT OF ANTI SENSE OLIGONUCLEOTIDES 
ON THE CELLULARITY OF HUMAN BONE MARROW 




BFU-E 


CFU-GM 


CFU-GEMM 


TOTAL CFU 


control 


1 


18 


2 


21 


OL-1 


7 


55 


5 


67 


OL-2 


7 


55 


7 


69 
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EXAMPLE 15 

EFFECT OF OL-2 ON THE CELLULARITY OF MARROW FROM A 
PATIENT WITH SEVERE CONGENITAL NEUTROPENIA 

Fresh marrow was obtained with consent from 
a patient with Severe Congenital Neutropenia (SCN) . 
Cells were separated by Ficoll -Hypague centrif ugation . 
The buffy coat was collected and resuspended in McCoys 
media. Cell suspensions (5xl0 5 cells/ml) were treated 
with OL-2 (SEQ ID NO:10) (5 yM) , a control oligo, or 
received no treatment, for 70-245 min. Following this 
procedure, the cells were plated in methylcellulose 
LTC-IC media containing granuylocyte/macrophage- colony 
stimulating factor (GM-CSF) at a concentration of 20- 
100 ng/ml. Neutrophils were determined after 8-14 
days by microscopic inspection and by the specific 
neutrophil staining for lactoferrin and lactase. It 
was determined that untreated cells contained no 
detectable neutrophils. In contrast, marrow treated 
with OL-2 contained clearly recognizable neutrophils. 
These results indicate that OL-2 (SEQ ID NO: 10) 
promotes neutrophil expansion and development from a 
neutrophil depleted SCN marrow. This finding also 
indicates a clinical benefit for OL-2 (SEQ ID NO: 10) 
in treatment of SCN. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Research Corporation Technologies, Inc. 

(ii) TITLE OF INVENTION: CELL GROWTH CONTROLLING 

OLIGONUCLEOTIDES 

(iii) NUMBER OF SEQUENCES: 19 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Scully, Scott, Murphy & Presser 

(B) STREET: 400 Garden City Plaza 

(C) CITY: Garden City 

(D) STATE: New York 

(E) COUNTRY: U.S.A. 

(F) ZIP: 11530 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.3 0 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

t 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: DiGiglio, Frank S. 

(B) REGISTRATION NUMBER: 31,346 

(C) REFERENCE/DOCKET NUMBER: 10303 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 516-742-4343 

(B) TELEFAX: 516-742-4366 

(C) TELEX: 230 901 SANS UR 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 847 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



TGCACAAGGT 


GACATTTTAA 


GAAAGTGTAG 


GCTTGTCGCA 


AAGGAGTATT 


TAGATGAAAA 


60 


TAACCCAGAA 


GAATCAATTG 


GTGATCTTCA 


ATTCAATTTG 


AATATCTCAG 


AAATAGAAAA 


120 


TAATATAGTA 


TCACTTCTTG 


AACGCTCAGA 


CAGGAAAGTT 


GTCATATTAA 


TGGATAAGCT 


180 


AGATGAGGCG 


TATGAACCGG 


ATAATATAGG 


AATTGGAATC 


ATTGCAGGTC 


TAGCATATGC 


240 


ATCTATTGAA 


TTAAATCAAA 


AAGCAAAATG 


CATTCGTCCA 


ATAATTTTTT 


TAAGGGATAA 


300 


TATATTTAGG 


TCGCTATCAA 


AGGAAGATCC 


TGATTACTCG 


AGAAATATAG 


AGGGTCAAGT 


360 


CATAAGGTTG 


CATTGGGACT 


GGGCACAACT 


CCTAATGCTG 


TCAGCTAAAA 


GAATGAAAGT 


420 


AGCATTTAAG 


CTAGATATTG 


AGAAAGATCA 


ACGAGTTTGG 


GATAGATGCA 


CAGCGGATGA 


480 


TCTTAAAGGG 


AGGATTGGTT 


TTAAGCGATG 


TTTGCAATTT 


ACCCTCTACC 


GGCCCAGGGA 


540 


TTTACTATCA 


TTGTTGAATG 


AAGCTTTTTT 


TTCCGCATTC 


AGAGAGAATA 


GAGAAACTAT 


600 


CATAAACACT 


GACCTAGAAT 


ATGCAGCCAA 


GTCAATTTCC 


ATGGCCAGAC 


TTGAAGATCT 


660 


CTGGAAAGAG 


TATCAGAAGA 


TCTTTCCTTC 


AATACAGGTT 


ATAACTAGTG 


CATTTCGCAG 


720 


CATTGAACCT 


GAATTAACAG 


TTTATACGTG 


CTTAAAAAAA 


ATAGAAGCAT 


CTTTCGAATT 


780 


AATCGAAGAA 


AATGGAGATC 


CTAAAATAAC 


GTCTGAAATA 


CAGTTGTTAA 


AGGCAAGTGG 


840 


AATTCCG 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(j.) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 847 nucleotides 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: RNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



UGCACAAGGU 


GACAUUUUAA 


GAAAGUGUAG 


GCUUGUCGCA 


AAGGAGUAUU 


UAGAUGAAAA 


60 


UAACCCAGAA 


GAAUCAAUUG 


GUGAUCUUCA 


AUUCAAUUUG 


AAUAUCUCAG 


AAAUAGAAAA 


120 


UAAUAUAGUA 


UCACUUCUUG 


AACGCUCAGA 


CAGGAAAGUU 


GUCAGAUUAA 


UGGAUAAGCU 


180 


AGAUGAGGCG 


UAUGAACCGG 


AUAAUAUAGG 


AAUUGGAAUC 


AUUGCAGGUC 


UAGCAUAUGC 


240 


AUCUAUUGAA 


UUAAAUCAAA 


AAGCAAAAUG 


CAUUCGUCCA 


AUAAUUUUUU 


UAAGGGAUAA 


300 


UAUAUUUAGG 


UCGCUAUCAA 


AGGAAGAUCC 


UGAUUACUCG 


AGAAAUAUAG 


AGGGUCAAGU 


360 


CAUAAGGUUG 


CAUUGGGACU 


GGGCACAACU 


CCUAAUGCUG 


UCAGCUAAAA 


GAAUGAAAGU 


420 


AGCAUUUAAG 


CUAGAUAUUG 


AGAAAGAUCA 


ACGAGUUUGG 


GAUAGAUGCA 


CAGCGGAUGA 


480 


UCUUAAAGGG 


AGGAAUGGUU 


UUAAGCGAUG 


UUUGCAAUUU 


ACCCUUUACC 


GGCCCAGGGA 


540 


UUUACUAUCA 


UUGUUGAAUG 


AAGCUUUUUU 


UUCCGCAUUC 


AGAGAGAAUA 


GAGAAACUAU 


600 


CAUAAACACU 


GACCUAGAAU 


AUGCAGCCAA 


GUCAAUUUCC 


AUGGCCAGAC 


UUGAAGAUCU 


660 


CUGGAAAGAG 


UAUCAGAAGA 


UCUUUCCUUC 


AAUACAGGUU 


AUAACUAGUG 


CAUUUCGUAG 


720 


CAUUGAACCU 


GAAUUAACAG 


UUUAUACGUG 


CUUAAAAAAA 


AUAGAAGCAU 


CUUUCGAAUU 


780 


AAUCGAAGAA 


AAUGGAGAUC 


CUAAAAUAAC 


GUCUGAAAUA 


CAGUUGUUAA 


AGGCAAGUGG 


840 


AAUUCCG 
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(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Cys Arg Leu Val Ala Lys Glu Tyr Leu Asp Glu Asn Asn Pro Glu Glu 
15 10 15 

Ser 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
GAAAGTGTAG GCTTGTCGCA 



(2) INFORMATION FOR SEQ ID NO: 5: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
CAGCATTAGG AGTTGTGCCC 
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(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
CCTCATCTAG CTTATCCATT 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
ATCCGGTTCA TACGCCTCAT C 21 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CCTGCAATGA TTCCAATTCC 20 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
ATTTAATTCA ATAGATGCAT AT 22 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
TATTGGACGA ATGCATTTTG 20 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 
TCTTCCTTTG ATAGCGACCT 20 
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(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GAGTAATCAG GATCTTTCTT 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 nucleotides 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE : DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CCTTATGACT TGACCCTCTA TA 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
AGGAGTTGTG CCGACTCCCA 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
TTCATTCTTT TAGCTGACAG C 21 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CTCAATATCT AGCTTAAATG 20 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GTTTTACGTA AGCAGGTTAT 20 
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(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
AATGTGTAGT TGCGTACTGA 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
CCTCGGTCCC CCCTCGTCCC 
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c f3 

WHAT IS CLAIMED IS: 

1. An isolated nucleic acid molecule 
consisting of a nucleotide sequence or complementry to 
a nucletide sequence as set forth in SEQ ID N0:1 or 
having at least 50% similarity or complementarity 
thereto. 

2. An isolated nucleic acid molecule 
consisting of a nucleotide sequence or complementary 
to a nucletide sequence as set forth in SEQ ID NO: 2 or 
having at least 50% similarity or complementarity 
thereto. 

3 . An isolated nucleic acid molecule 
consisting of or complementary to nucleotides 178-430 
of SEQ ID N0s:l or 2 or having at least 50% similarity 
or complementarity thereto. 

4. An isolated nucleic acid molecule which 
hybridizes to nucleotides 178-430 of SEQ ID N0:2 under 
medium to high stringency conditions. 

5. An isolated nucleic acid molecule 
consisting of or complementry to nucleotides 263-283 
of SEQ ID N0s:l or 2 or having at least 50% similarity 
or complementarity thereto. 

6. An isolated nucleic acid molecule which 
hybridizes to nucleotides 263-283 of SEQ ID NO: 2 under 
medium to high stringency conditions. 

7. An isolated nucleic acid molecule 
consisting of or complementary to nucleotides 374-393 
of SEQ ID NOs:l or 2 or having at least 50% similarity 
or complementarity thereto. 
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8. An isolated nucleic acid molecule which 
hybridizes to nucleotides 374-393 of SEQ ID N0:2 under 
medium to high stringency conditions. 

9. An oligonucleotide comprising the 
sequence set forth in SEQ ID No. 6. 

10. An oligonucleotide comprising at least 
eight contiguous nucleotides derived from the sequence 
set forth in SEQ ID NO: 6. 

11. An oligonucleotide comprising the 
sequence set forth in SEQ ID No. 7. 

12. An oligonucleotide comprising at least 
eight contiguous nucleotides derived from the sequence 
set forth in SEQ ID NO: 7. 

13. An oligonucleotide comprising the 
sequence set forth in SEQ ID No. 10. 

14. An oligonucleotide comprising at least 
eight contiguous nucleotides derived from the sequence 
set forth in SEQ ID NO: 10. 

15. An oligonucleotide comprising the 
sequence set forth in SEQ ID No. 14. 

16. An oligonucleotide comprising at least 
eight contiguous nucleotides derived from the sequence 
set forth in SEQ ID NO: 14. 

17. An oligonucleotide comprising at least 
eight nucleotides which are complementary to at least 
eight contiguous nucleotides of nuceotides 178-430 as 
set forth in SEQ ID NO:l. 

18. A method of stimulating cell 
proliferation in a cell culture which comprises 
contacting said cell culture with an effective amount 
of an oligonucleotide comprising the sequence set 
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forth in SEQ ID NO: 10 or at least eight contiguous 
nucleotides of SEQ ID NO: 10. 

19. A method of inhibiting the activation 
of PKR in a cell culture which comprises contacting 
said cell culture with an effective amount of at least 
one of an isolated nucleic acid molecule complementary 
to SEQ ID NO:l, an isolated nucleic acid molecule 
complementry to nucleotides 178-430 of SEQ ID NOs:l or 
2, an isolated nucleic acid molecule complementry to 
nucleotides 263-283 of SEQ ID NOs:l or 2, an isolated 
nucleic acid molecule complementry to nucleotides 374- 
393 of SEQ ID NOs:l or 2; an oligonucleotide having 
the sequence set forth in SEQ ID NO: 6 or at least 
eight contiguous nucleotides of SEQ ID NO: 6, an 
oligonucleotide having the sequence set forth in SEQ 
ID NO: 7 or at least eight contiguous nucleotides of 
SEQ ID NO: 7, an oligonucleotide having the sequence 
set forth in SEQ ID NO: 10 or at least eight contiguous 
nucleotides of SEQ ID NO: 10, or an oligonucleotide 
having the sequence set forth in SEQ ID NO: 14 or at 
least eight contiguous nucleotides of SEQ ID NO: 14. 

20. A pharmaceutical composition capable of 
inhibiting activation of PKR in a cell culture which 
comprises at least one of the isolated nucleic acid 
molecules or oligonucleotides of Claim 19 admixed with 
a pharmaceutical ly acceptable carrier. 

21. A pharmaceutical composition capable of 
stimulating cell proliferation in an a cell culture 
which comprises an oligonucleotide having the sequence 
set forth in SEQ ID NO: 10 or at leat eight contiguous 
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nucleotides of SEQ ID NO: 10 admixed with a 
pharmaceutical ly acceptable carrier. 

22. A kit comprising at least one of the 
oligonucleotides of claims 9-17 and a pharmaceutical^ 
acceptable carrier. 

23. The kit of claim 22 wherein the 
pharmaceutically acceptable carrier is packaged 
separately from the oligonucleotides. 

24. The kit of claim 22 wherein the 
pharmaceutically acceptable carrier is adm the R-RNA 
cDNA ixed with the oligonucleotides. 

25. A kit comprising at least one of the 
isolated nucleic acids of Claims 1-8 and a 
pharmaceutically acceptable carrier. 

26. The kit of claim 25 wherein the 
pharmaceutically acceptable carrier is packaged 
separately from the isolated nucleic acid molecules. 

27. The kit of claim 25 wherein the 
pharmaceutically acceptable carrier is admixed with 
the isolated nucleic acid molecules. 

28. A method of inhibiting cell 
proliferation in bone marrow cells obtained from a 
patient suffering from a hematological cancer which 
comprises isolating a bone marrow sample from a 
patient suffering from a hematological cancer, 
contacting the cells in said sample with an effective 
amount of at least one of an R-RNA having the sequence 
set forth in SEQ ID NO: 2, a portion of an R-RNA having 
nucleotides 178-430 of SEQ ID NO:2, a portion of an R- 
RNA having nucleotides 263-283 of SEQ ID NO : 2 , or a 
portion of an R-RNA having nucleotides 374-393 of SEQ 
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ID N0:2, and after a sufficient time, transplanting 
said cells back into the donor patient. 

29. a method for promoting expansion of 
pluripotent progenitor cells which comprises obtaining 
bone marrow cells from a patient and contacting said 
cells with an effective amount of an oligonucleotide 
selected from the group consisting of an 
oligonucleotide having the nucleotide sequence set 
forth in SEQ id NO:10, an oligonucleotide having at 
least eight contiguous nucleotides of SEQ id NO: 10, an 
oligonucleotide having the nucleotide sequence set' 
forth in SEQ ID NO:8, and an oligonucleotide having at 
least eight contiguous nucleotides of SEQ ID NO: 8. 

30. A method for promoting expansion of 
hematopoietic stem cells which comprises obtaining 
peripheral blood from a patient; isolating mononuclear 
cells and contacting said mononuclear cells with an 
effective amount of an oligonucleotide having the 
nucleotide sequence set forth in SEQ ID NO: 10 or at 
least eight contiguous nucleotides of SEQ ID NO: 10. 

31. A method for promoting neutrophil 
exansion and development from a neutrophil depleted 
marrow cell culture which comprises obtaining marrow 
cells from a patient suffering from severe congenital 
neutropenia (SCN) , contacting said cells with an 
effective amount of an oligonucleotide having the 
sequence set forth in SEQ ID NO: 10 or at least eight 
contiguous nucleotides of SEQ ID NO: 10, and after a 
sufficient time, transplanting the marrow cells back 
into the patient. 
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32. A method for expanding hematopoietic 
cells in umbilical cord blood which comprises 
contacting a sample of the cord blood with at least 
one oligonucleotide selected from the group consisting 
of an oligonucleotide having the sequence set forth in 
SEQ ID NO: 8, an oligonucleotide having at least eight 
contiguous nucleotides as set forth in SEQ ID NO: 8, an 
oligonucleotide having the sequence set forth in SEQ 
ID NO: 10 or an oligonucleotide having at least eight 
contiguous nucleotides as set forth in SEQ ID NO: 10. 

33. A composition comprising a cell culture 
medium and at least one of a nucleic acid molecule or 
oligonucleotide admixed with said cell culture medium 
selected from the group of an isolated nucleic acid 
molecule complementary to SEQ ID NO:l, an isolated 
nucleic acid molecule complementary to nucleotides 
178-430 of SEQ ID N0S:1 or 2, an isolated nucleic acid 
molecule complementary to nucleotides 263-283 of SEQ 
ID NOS:l or 2, an isolated nucleic acid molecule 
complementary to nucleotides 374-393 of SEQ ID N0S:1 
or 2; an oligonucleotide having the sequence set forth 
in SEQ ID NO: 6 or at least eight contiguous 
nucleotides of SEQ ID NO: 6, an oligonucleotide having 
the sequence set forth in SEQ id NO: 7 or at least 
eight contiguous nucleotides of SEQ ID NO: 7, an 
oligonucleotide having the sequence set forth in SEQ 
ID NO: 10 or at least eight contiguous nucleotides of 
SEQ ID NO: 10, or an oligonucleotide having the 
sequence set forth in SEQ ID NO: 14 or at least eight 
contiguous nucleotides of SEQ ID NO: 14. 
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